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Introduction 


One  of  the  most  important  developments  of  the  twentieth  century  has  been  the  move- 
ment of  humanity  into  space  with  machines  and  people.  The  underpinnings  of  that  move- 
nit; nt. — why  it  took  the  shape  it  did;  which  individuals  and  organizations  were  involved; 
what  factors  drove  a particular  choice  of  scientific  objectives  and  technologies  to  he  used, 
and  the  political,  economic,  managerial,  and  international  contexts  in  which  the  events 
of  the  space  age  unfolded — are  all  important  ingredients  of  this  epoch  transition  from  an 
Earthbound  to  aspacefaring  people.  This  desire  to  understand  the  development  of  space- 
flight  in  the  United  States  sparked  this  documentary  history  series. 

The  extension  of  human  activity  into  outer  space  has  been  accompanied  by  a high  degree 
of  self-awareness  of  its  historical  significance.  Few  large-scale  activities  have  been  as  exten- 
sively chronicled  so  closely  to  the  time  they  actually  occurred.  Many  of  those  who  were 
directly  involved  were  quite  conscious  that  they  were  making  history,  and  they  kept  full 
records  of  their  activities.  Because  most  of  the  activity  in  outer  space  was  carried  out  under 
government  sponsorship,  it  was  accompanied  by  the  documentary  record  required  of 
public  institutions,  and  there  has  been  a spate  of  official  and  privately  written  histories  of 
most  major  aspects  of  space  achievement  to  date.  When  top  leaders  considered  what 
course  of  action  to  pursue  in  space,  their  deliberations  and  decisions  of  ten  were  caref  ully 
put  on  the  record.  There  is,  accordingly,  no  lack  of  material  for  those  who  aspire  to  under- 
stand the  origins  and  evolution  of  U.S.  space  policies  and  programs. 

This  reality  forms  the  rationale  for  this  series.  Precisely  because  there  is  so  much  histori- 
cal material  available  on  space  matters,  the  National  Aeronautics  and  Space 
Administration  (NASA)  decided  in  1988  that  it  would  be  extremely  useful  to  have  a selec- 
tive collection  of  many  of  the  seminal  documents  related  to  the  evolution  of  the  U.S.  civil- 
ian space  program  that  was  easily  available  to  scholars  and  the  interested  public.  While 
recognizing  that  much  space  activity  has  taken  place  under  the  sponsorship  of  the 
Department  of  Defense  and  other  national  security  organizations,  the  U.S.  private  sector, 
and  other  countries  around  the  world,  NASA  felt  that  there  would  he  lasting  value  in  a col- 
lodion of  documentary  material  primarily  focused  on  the  evolution  of  the  U.S.  govern- 
ment’s civilian  space  program,  most  of  which  has  been  carried  out  under  the  agency’s 
auspices  since*  1958.  As  a result,  the  NASA  History  Office  contracted  with  the  Space  Policy 
Institute  of  George  Washington  University’s  Elliott  School  of  International  Affairs  to  pre- 
pare such  a collection.  Phis  is  the  third  volume  in  the  documentary  history  series;  three 
additional  ones  detailing  programmatic  developments  with  respect  to  space  transporta- 
tion, space  science,  and  human  spaceflight  will  follow. 

The  documents  collected  during  this  research  project  were  assembled  from  a diverse 
number  of  both  public  and  private  sources.  A major  repository  of  primary  source  materi- 
als relative  to  the  history  of  the  civil  space  program  is  the  NASA  Historical  Reference 
Collection  of  the  NASA  History  Office,  located  at  the  agency’s  headquarters  in 
Washington,  D.U.  Project  assistants  combed  this  collection  for  the  “cream”  of  the  wealth 
of  material  housed  there.  Indeed,  one  purpose  of  this  series  from  the  start  was  to  capture 
some  of  the  highlights  of  the  holdings  at  headquarters.  Historical  materials  housed  at  An- 
other NASA  installations,  institutions  of  higher  learning,  and  presidential  libraries  were 
other  sources  of  documents  considered  for  inclusion,  as  were  papers  in  the  archives  of 
individuals  and  firms  involved  in  opening  up  space  for  exploration. 
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Copies  of  more  than  2,500  documents  in  their  original  form  collected  during  this  project 
(not  just  the  documents  selected  for  inc  lusion),  as  well  as  a database  that  provides  a guide 
to  their  contents,  will  be  deposited  in  the  NASA  Historical  Reference  Collection.  Another 
complete  set  of  project  materials  is  located  at  the  Space  Policy  Institute  at  George 
Washington  University.  These  materials  in  their  original  form  are  available  for  use  by 
researc  hers  seeking  additional  information  about  the  evolution  of  the  U S.  c ivilian  space 
program  or  wishing  to  consult  the  documents  reprinted  herein  in  their  original  form. 

The  documents  selected  for  inclusion  in  this  volume  are  presented  in  three  major  chap- 
ters, each  covering  a particular  aspect  of  the  utilization  of  space  capabilities  and  the 
unique  characteristics  of  the  space  environment.  These  chapters  address:  (1)  communi- 
cating via  satellite;  (2)  observing  the  Earth  from  space  for  practical  purposes  (Earth  sci- 
ence will  be  covered  in  a later  volume);  and  (3)  the  various  ways  in  which  space  activities 
have  had  economic  impacts.  Volume  I in  this  series  covered  the  antecedents  to  the  U.S. 
space  program,  as  well  as  the  origins  and  evolution  of  U.S.  space  policy  and  of  NASA  as 
an  organizational  institution.  Volume  II  addressed  the  relationship  between  the  civilian 
space  program  of  the  United  States  and  the1  space  activities  of  other  countries,  the  rela- 
tionship between  the  U.S.  civilian  and  national  security  space  and  military  efforts,  and 
NASA’s  relationship  with  industry  and  academic  institutions.  As  mentioned  above,  future 
volumes  will  cover  space  transportation,  spat  e science,  and  human  spaceflight. 

Each  section  in  this  volume  is  introduced  by  an  overview  essay,  prepared  by  individuals 
particularly  well-qualified  to  write  on  the  topic.  In  the  main,  these  essays  are  intended  to 
introduce  and  complement  the  documents  in  the  section  and  to  place  them  in  a chrono- 
logical and/or  substantive  context.  Each  essay  contains  references  to  the  documents  in 
the  section  it  introduces,  and  many  also  contain  references  to  documents  in  other  sections 
of  the  collection.  These  introductory  essays  were  the  responsibility  of  their  individual 
authors,  and  the  views  and  conclusions  contained  therein  do  not  necessarily  represent  the 
opinions  of  either  George  Washington  University  or  NASA. 

I he  documents  included  in  each  section  were  chosen  by  the  project  team  in  concert  with 
the  essay  writer  from  those  assembled  by  the  research  staff  for  the  overall  project.  The  con- 
tents of  this  volume  emphasize  primary  documents  or  long-out-of-print  essays  or  articles 
and  material  from  the  private  recollections  of  important  actors  in  shaping  space  affairs. 
Key  legislation  and  policy  statements  are  also  included.  The  contents  of  this  volume  thus 
do  not  comprise  in  themselves  a comprehensive  historical  account;  they  must  be  supple- 
mented by  other  sources,  those  both  already  available  and  to  become  available  in  the 
future.  Indeed,  a few  of  the  documents  included  in  this  collection  are  not  complete;  some 
portions  of  them  were  still  subject  to  security  classification  as  this  volume  went  to  print. 

Each  document  is  assigned  its  own  number  in  terms  of  the  chapter  in  which  it  is  placed. 
As  a result,  the  first  document  in  the  third  section  of  this  volume  is  designated  “Document 
III-l.  Each  document  is  accompanied  by  a head  note  setting  out  its  context  and  providing 
a background  narrative.  These  headnotes  also  provide  specific  information  about  people 
and  events  discussed.  We  have  avoided  the  inclusion  of  explanatory  notes  in  the  docu- 
ments themselves  and  have  confined  such  material  to  the  headnotes. 


The  editorial  method  we  adopted  for  publishing  these  documents  seeks  to  preserve 
spelling,  grammar,  paragraphing,  and  use  of  language  as  in  the  original.  We  have  some- 
times changed  punctuation  where  it  enhances  readability.  We  have  used  ellipses  (“.  . .”)  to 
note  where  sections  of  a document  have  not  been  included  in  this  publication,  and  we 
have*  avoided  including  words  and  phrases  that  had  been  deleted  in  the  original  docu- 
ment unless  they  contribute  to  an  understanding  of  what  was  going  on  in  the  mind  of  the 
writer  in  making  the  record.  Marginal  notations  on  the  original  documents  are  inserted 
into  the*  text  of  the  documents  in  brackets,  each  clearly  marked  as  a marginal  comment. 
When  deletions  to  the  original  document  have  been  made  in  the  proc  ess  of  declassifica- 
tion, we  have  noted  this  with  a parenthetical  statement  in  brackets.  Except  insofar  as  illus- 
trations and  figures  are  necessary  to  understanding  the*  text,  those  items  have  been 
omitted  from  this  printed  version.  Page  numbers  in  the  original  document  are  noted  in 
brac  kets  internal  to  the*  document  text.  Copies  of  all  documents  in  their  original  form, 
however,  are  available  for  research  by  anyone  interested  at  the  NASA  I listorv  Office  or  the 
Spac  e Polic  y Institute  of  George  Washington  University. 

Wc*  recognize  that  there  art*  certain  to  he  quite  significant  documents  left  out  of  this  com- 
pilation. No  two  individuals  would  totally  agree  on  all  documents  to  he  inc  luded  from  the 
more  than  2,500  that  wc*  collected,  and  surely  we  have  not  been  totally  successful  in  locat- 
ing all  relevant  records.  As  a result,  this  documentary  history  c an  raise  an  immediate  ques- 
tion from  its  users:  Why  were  some  doc  uments  included  while  others  of  seemingly  equal 
importance  were  omitted?  There  can  newer  be  a fully  satisfactory  answer  to  this  question. 
Our  own  criteria  for  choosing  particular  documents  and  omitting  others  rested  on  three 
interrelated  factors: 

• Is  the  document  the*  best  available*,  most  expressive,  most  representative  reflection  of 
a particular  event  or  development  important  to  the  evolution  of  the*  space*  program? 

• Is  the*  document  not  easily  accessible  except  in  one  or  a few  locations,  or  is  it  included 
(for  example,  in  published  compilations  of  presidential  statements)  in  reference  sources 
that  are  widely  available  and  thus  not  a candidate  for  inclusion  in  this  collection? 

• Is  the  document  protected  by  copyright,  security  classification,  or  some  other  form  of 
proprietary  right  and  thus  unavailable  for  publication? 

As  general  editor  of  this  volume,  I was  ultimately  responsible  for  the  decisions  about  which 
doc  uments  to  include  and  for  the  acc  uracy  of  the  headnotes  accompanying  them.  It  has 
been  an  occasionally  frustrating  but  consistently  exciting  experience  to  lx*  involved  with 
this  undertaking.  My  associates  and  I hope  that  those  who  consult  it  in  the  future  find  our 
efforts  worthwhile. 

John  M.  Logsdon 
Director 

Spac  e*  Policy  Institute 

Llliott  Sc  hool  of  International  Affairs 

George  Washington  University 
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Chapter  One 


The  History  of  Satellite 
Communications 

by  Joseph  N.  Pelton 

Although  the  idea  of  using  artificial  Earth  satellites  to  relay  messages  from  one  point 
on  the  Earth  to  another  had  been  discussed  in  several  places  prior  to  1945,'  most  accounts 
of  the  development  of  satellite  communications  begin  by  discussing  Arthur  Clarke’s  land- 
mark works  on  the  topic  during  that  year.  In  two  1945  papers — one  privately  circulated 
and  one  published  in  Wireless  World — Clarke  discussed  the  special  characteristics  of  geo- 
synchronous orbit  that  would  enable  three  satellites  in  that  orbit  to  provide  global  com- 
munications.- [ I- 1 , 1-2]  Clarke  noted  that  in  an  orbit  of  22,300  miles  above  the  Earth,  the 
velocity  of  a satellite  exactly  matched  the  velocity  of  the  Earth’s  surface  as  the  planet  rotat- 
ed about  its  axis;  thus  from  the  Earth,  a satellite  would  appear  to  remain  in  a fixed  posi- 
tion in  the  sky.  In  such  an  orbit,  a satellite  could  “see”  40  percent  of  the  equatorial  plane. 
Clarke  noted  the  benefits  of  such  an  orbital  perspective,  especially  for  telecommunica- 
tions, because  the  curvature  of  the  Earth’s  surface  and  atmospheric  interference  placed 
limits  on  ground-based  transmissions.  In  addition,  the  use  of  satellites  in  geosynchronous 
orbit  would  make  the  design  of  a ground  antenna  simpler  in  terms  of  tracking  and  point- 
ing mechanisms. 

For  these  insights,  Arthur  C.  Clarke  is  frequently  called  the  “Father  of  Satellite 
Communications,”  and  there  have  been  ongoing  efforts  to  officially  designate  the  geo- 
synchronous orbit  as  the  “Clarke  Orbit.”  Ironically,  however,  while  a visionary  in  many 
respects,  Clarke  did  not  foresee  how  quickly  communications  satellites  would  become  a 
reality.  This  is  because  he  did  not  anticipate  the  invention  of  the  transistor,  which  greatly 
reduced  the  necessary  weight  of  a communications  satellite  and  dramatically  increased  its 
reliability  and  lifetime.  From  the  pre-transistor  perspective  of  1945,  Clarke  envisioned  that 
communicating  via  satellite  would  in  effect  require  a space  station — an  orbital  platform 
weighing  many  tons  with  an  on-board  crew  to  replace  burned-out  vacuum  tubes.*  And 
while  ( :iarke  may  not  have  been  totally  prescient,  he  can  be  credited  with  identifying  a line 
of  technological  development  that  bore  fruit  in  less  than  twenty  years. 


1.  Delbert  I).  Smith,  Communication  ida  Satellite:  A Vision  in  Retrospect  (Boston:  A.W.  SijthofT,  1976), 
pp. 15—19. 

2.  The  more  frequently  cited  of  Clarke’s  semi-annual  papers  is  Arthur  C.  Clarke.  “Extra-Terrestrial 
Relays:  Can  Rocket  Stations  Give  World-Wide  Radio  Coverage?,”  Wireless  Worlds  1 (October  1945):  305-08.  A May 
25,  1945,  typed  paper  about  geosynchronous  satellites,  “The  Space  Station:  Its  Radio  Applications,  was  sent  to 
members  of  the  British  Interplanetary  Society  and  other  addressees  some  five  months  before  the  more  famous 
Wireless  World  article.  This  earlier  paper  was  finally  published  in  Space/light  10  (March  3,  1968):  85—86. 

3.  Personal  interview  by  the  author  with  Arthur  C.  Clarke,  Sri  Lanka,  May  1984. 
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The  History  of  Satellite  Communications 


The  Early  Years  of  Concept  and  Experimentation 

(1945-1963) 

In  the  decade  that  followed  Clarke’s  article,  increasingly  powerf  ul  rockets  were  devel- 
oped, largely  in  the  context  of  the  Cold  War  competition  between  the  United  States  and 
the  Soviet  Union.  The  launch  of  Sputnik  1 by  the  Soviets  in  October  1957  triggered  a 
number  of  U.S.  space  initiatives.  The  creation  of  the  National  Aeronautics  and  Space 
Administration  (NASA)  from  the  National  Advisory  Committee  for  Aeronautics  (NACA) 
and  the  surge  of  funding  for  U.S.  rocket  programs,  such  as  Vanguard,  Thor,  Atlas,  and 
Titan,  were  immediate  results.  In  the  1960  U.S.  presidential  election,  the  “Missile  Gap” 
debates  between  John  F.  Kennedy  and  Richard  M.  Nixon  set  the  stage  for  a strong  U.S. 
space  program  for  the  1960s,  perhaps  regardless  of  the  election’s  outcome.4 5 6  One  issue 
under  discussion  at  the  time  was  whether  space  development  would  be  almost  exclusively 
a result  of  government  activities  or  whether  private  enterprise  would  play  a significant  role. 

The  creation  of  communications  satellite  research  and  development  programs  within 
NASA  and  the  Department  of  Defense  in  the  late  1950s  and  early  1960s  proved  to  be  a 
highly  effective  means  of  establishing  U.S.  capability  in  this  Field;  however,  these  govern- 
ment efforts  were  paralleled  by  private-sector  communications  satellite  research  and 
development  activities.  These  communications  satellite  initiatives  came  at  a key  time  in 
terms  of  the  overall  development  of  international  communications.  American  Telephone 
and  Telegraph  (AT&T)  and  others  kept  private-enterprise  interests  alive  with  parallel 
research  and  development  efforts  of  their  own. 

In  the  late  1950s  and  early  1960s,  a number  of  newr  submarine  telephone  cables  were 
being  laid  across  the  Atlantic  and  Pacific  Oceans.  These  new  cables  replaced  outmoded 
telegraph  cables  and  stimulated  the  rapid  growth  of  international  telecommunications.  The 
leaders  of  NASA,  aerospace  manufacturers,  and  telecommunications  organizations  all  rec- 
ognized that  high-capacity  communications  satellites  could  also  support  the  rapid  growth 
of  global  communications.  Only  several  years  later  did  the  idea  emerge  that  communica- 
tions satellites  could  also  support  regional  or  domestic  telecommunications  needs.  r> 

Because  of  the  U.S.  lead  in  micro-electronics,  the  U.S.  Signal  Corps  was  able  to  launch 
the  world’s  first  communications  satellite  on  an  Atlas  rocket  soon  after  Sputnik.  The  first 
U.S.  communications  project  was  known  as  SCORE  (Signal  Communication  by  Orbital 
Relay  Equipment),  a broadcast-only  satellite  launched  on  December  18,  1958.  SCORE 
lasted  only  twelve  days  and  could  only  send  to  Earth  a pre-recorded  message  from 
President  Dwight  D.  Eisenhower:  “Peace  on  earth,  good  will  toward  men.’'1 

The  first  artificial  satellite  that  actually  relayed  a real-time  voice  message  from  the 
Earth  to  orbit  and  back  was  Echo  1,  launched  on  August  12,  1960.  The  Echo  program  was 
a successor  to  an  International  Geophysical  Year  effort  to  measure  the  density  of  the 
upper  atmosphere  by  observing  the  orbit  of  a twelve-foot-cliameter  balloon-like  satellite. 
In  1959  John  Pierce,  an  AT&T  scientist  and  one  of  the  pioneers  of  the  communications 


4.  Sec  John  M.  Logsdon,  The  Decision  to  Go  to  the  Moon : ISojert  Apollo  ami  tfu'  Notional  Interest  (( iam  bridge, 
MA:  MIT  Press,  1970),  and  Walter  A.  McDougall,  . . . The  Heavens  and  the  Earth:  A Political  History  of  the  Space  Age 
(New  York:  Basic  Books,  1985),  for  discussions  of  early  LLS.  space  policy. 

5.  Joseph  N.  Pelton,  Global  Communications  Satellite  Policy:  Intelsat,  Politics  and  Functionalism  (Mt.  Airy, 
WA:  Lomond  Systems,  1974),  pp.  44-102.  The  Soviet  Union  with  its  vast  size  and  northern  latitudes  had  to  use 
a highly  elliptical  orbit  for  its  communications  satellites.  This  orbit  required  less  rocket  power  to  reach  from 
Soviet  launch  sites  than  did  geosynchronous  orbit.  The  combination  of  internal  need  and  ease  of  orbital  access 
led  the  Soviet  Union  to  initiate  domestic  communications  satellite  service  much  sooner  than  other  countries. 

6.  Ibid,,  pp.  4t>-48. 
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satellite  field,  suggested  using  the  larger  10(  Moot-diameter  Echo  satellite  to  test  transat- 
lantic radio  communications.  |l-3)  NASA  accepted  Pierce’s  suggestion,  and  the  orbiting 
satellite  was  successfully  used  as  a passive  reflector  (that  is,  there  were  no  electronic  sys- 
tems to  amplify  the  signal  aboard  tlu*  satellite)  of  an  August  IS  message  from  New  Jersey 
to  France.  (Similar  experiments  had  been  conducted  earlier  using  the  Earth’s  Moon  as  a 
passive  reflector.) 

Although  this  and  many  other  experiments  using  the  passive  Echo  1 and  Echo  2 satel- 
lites (Echo  2 was  launc  hed  in  January  1964)  were  successful,  in  the  late  1950s  and  early 
1960s,  industry  and  government  attention  increasingly  foe  used  on  active  communications 
sate  llite  s carrying  on-board  elec  tronic  s that  received  a signal  from  the  Earth,  amplified  it, 
and  sent  it  back  to  the  Earth.  Such  satellites  had  more  predictable  orbits  than  passive  satel- 
lites; fewer  were  required  to  create  a communications  network;  and  signals  relayed 
through  ac  tive  satellite's  required  less  expensive  ground  stations  and  had  much  higher 
capacity.7 8 9 

The  first  artificial  communications  satellite  that  foreshadowed  today's  active  satellite 
technology.  Courier  1 B,  was  designed  and  launched  by  the*  U.S.  military  in  October  1960. 
It  featured  solar  and  battery  power,  an  active  antenna  for  transmission  and  reception,  and 
electronic  repeaters  capable'  of  frequency  conversion  from  uplink  to  downlink  signals. 
Despite  the  technological  gains  that  Courier  IB  represented,  it  still  had  a capability  of 
only  sixteen  teletype  channels.  In  short,  it  was  little  more*  than  an  experimental  device*. 
Submarine'  cables  still  had  100  times  this  capacity. 

NASA,  AT&T,  and  the*  Department  of  Defense,  however,  were  by  tins  time  moving 
ahead  with  tremendous  energy  and  quickly  achieved  impressive'  results.  On  July  10,  1962, 
only  a year  and  a half  after  ( Courier  1 B,  a quantum  leap  in  capability  was  achieved  with  the 
launch  of  Telstar,  an  AT&T-designed  and  -built  experimental  satellite  with  sufficient 
capacity  to  relay  a television  signal.  Telstar  was  launched  into  a medium  orbit  with  a 
570-mile  perigee;  at  this  orbit,  a number  of  satellites  (about  twelve  to  fifteen)  would  be 
required  for  an  operational  system.  The  success  of  the  Telstar  experiment  immediately 
changed  the  world’s  view  of  the  potential  of  this  new  technology.  1 1-201*  Recognition  grew 
that  communications  satellites  could  have  three  to  four  times  the  capacity  of  then-current 
submarine'  cables.  Almost  overnight,  their  commercial  viability  was  advanced  from  remote 
to  highly  likely.  Quickly  thereafter,  on  December  14,  1962,  the  NASA-funded  Relay  1 of 
the  Radio  Corporation  of  America  (RCA)  was  launched  into  an  orbit  with  a 660-mile 
perigee,  demonstrating  many  of  the  same  features  as  Telstar  but  with  a longer  lifetime  in 
orbit.  The  technic  al  feasibility  of  active  communications  satellites  was  thus  clearly  demon- 
strated by  the  second  half  of  1962.  The  development  of  these  early  communications  satel- 
lite's represented  the  first  steps  toward  the  practical  use  of  space  and  began  a debate  about 
whether  such  an  enterprise  should  be  public  or  private  in  nature. 

Then,  a satellite  built  by  Hughes  Aircraft,  developed  with  both  company  and  NASA 
funding  and  launched  on  December  14,  1963,  demonstrated  the  final  technical  feature 
required  for  communications  satellites  to  become  commercially  viable — stable  and  con- 
tinuous operation  in  geosynchronous  orbit.  Beginning  in  1959,  Hughes  had  been  work- 


7.  John  K.  Pierre*,  The  Beginnings  of  Spare  Communications  (San  Francisco,  ( !A:  San  Francisco  Press, 
1968),  p.  103;  Arthur  O.  Clarke,  The  Promise  of  Spare  (New  York:  Harper  and  Row,  1968),  pp.  100-101;  Smith, 
Com  muni  rations  via  Satellite , pp.  51—  55. 

8.  It  should  be  noted  here  that  because  the  document  about  Project  Telstar  was  produced  in  the  sec- 
ond half  of  1962,  it  appears  in  chronological  order  after  this  essay  but  is  referenced  out  ok  order  within  the  essay. 
Also  note  dial  the  references  to  Documents  1-14,  1-22,  and  1-26  are  out  of  order. 

9.  l-eonard  faffe.  Comma  mentions  in  Spare  (New  York:  Holt,  Reinhart  and  Winston,  1966),  p.  86;  On  in 
F..  Dunlap,  Jr.,  Communications  in  Spare  (New  York:  Harper  and  Row,  I960),  p.  151. 
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ing  on  such  a satellite,  first  with  the  company’s  own  funds  and  since  1961  under  contract 
to  NASA.  [1-4,  1-5]  This  satellite,  Syncom  2 (Syncom  1 suffered  a system  failure),  was 
followed  by  a Syncom  3 mission  that  was  even  more  successful  in  demonstrating  the  fea- 
sibility of  high-capacity  telecommunications  operations  in  geosynchronous  orbit. 

This  lightning-like  development  was  paralleled  by  progress  with  military  satellites,  par- 
ticularly the  Lincoln  Experimental  Satellite  (ITS)  series  from  Lincoln  Laboratory,  which 
tested  secure  transponders  for  strategic  communications  from  the  National  Command 
Authority.  Together,  these  accomplishments  set  the  stage  for  the  practical  exploitation  of 
this  exciting  new7  technology7. 

The  Creation  of  Comsat  and  INTELSAT  (1962-1965) 

The  international  civilian  communications  program  soon  evolved  toward  a global  net- 
work of  “stabilized"  satellites  in  geosynchronous  orbits  a tenth  of  the  way  to  the  Moon. 
The  civilian  system  began  with  an  initial  satellite  over  the  Atlantic  Ocean  (1965),  then  the 
Pacific  Ocean  obtained  service  (1967),  and  finally  global  coverage  was  completed  with 
Indian  Ocean  service  (1969),  just  as  Arthur  C.  Clarke  had  envisioned  it  twenty-four  years 
earlier. 

Although  most  critical  technical  choices  had  been  made  by  1965,  the  issue  of  how  to 
institutionalize  the  civilian  communications  satellite  system  was  far  from  clear-cut  or  easi- 
ly decided.  During  1961  and  1962,  there  was  intense  debate  in  the  United  States  about 
public  versus  private  ownership  and  operations.  Political  control  and  financing  were  also 
items  of  disagreement.  Not  surprisingly,  these  issues  led  to  a major  political  debate  in  the 
United  States. 

The  Eisenhower  administration  supported  the  development  of  satellite  communica- 
tions, but  only  if  that  development  was  based  on  private-sector  initiatives."  [1-6,  1-7]  When 
John  F.  Kennedy  took  office  in  early  1961,  however,  he  expressed  a strong  support  for  a 
leading  government  role  in  communications  satellite  development.12  Achieving  his  objec- 
tive, however,  meant  sorting  out  within  the  Kennedy  administration  the  appropriate  role 
of  the  government  in  communications  satellite  research  and  development,  regulation, 
and  ownership  and  operation.  [1-8,  1-9,  I- 1 0,  1-1 1,  1-12,  1-13,  1-15] 

Once  the  administration  had  developed  its  position,  it  had  to  gain  the  assent  of 
Congress.  This  was  not  a straightforward  task;  many  in  Congress  had  views  on  the  issue 
that  differed  from  the  proposed  White  House  policy.  [1-14]  The  net  result  was  that  three 


10.  Dunlap,  ('onimuniratiom  in  Spare,  pp.  152-55. 

11.  On  December  30,  1960,  in  one  of  his  last  speeches  in  office.  President  Eisenhower  stated:  "This 
nation  has  traditionally  followed  a policy  of  conduc  ting  international  telephone,  telegraph  and  other  commu- 
nication services  through  private  enterprise  subject  to  governmental  control,  licensing,  and  regulation.  We  have 
achieved  communications  facilities  second  to  none  among  nations  of  the  world.  Accordingly,  the  government 
should  aggressively  encourage  private  enterprise  in  the  establishment  and  operation  of  satellite  relays  for  rev- 
enue producing  services.”  Public  Papers  of  the  l Residents  oj  the  l butt'd  States:  1 height  I).  liisenhowet ; / 960  (Washinglon, 
DC:  U.S.  Government  Printing  Office,  1979),  p.  888. 

12.  The  now-famous  Kennedy  speech  of  May  25,  1961,  that  established  the  goal  of  sending  humans  to 
the  Moon  and  returning  them  to  Earth  also  called  for  the  establishment  of  a global  satellite  system  for  c ommu- 
nications that  would  benefit  all  countries,  promote  world  peace,  and  allow  nondiscriminating  access  for  all  coun- 
tries of  the  world.  It  called  for  a “constructive  role  lor  the  U.N.  in  international  space  communications.”  Public 
Papers  of  the  Residents  of  the  United  Stales,  John  P.  Kennedy,  1961  (Washington,  DC,:  US.  Government  Printing  Office, 
1962),  pp.  529-31.  Kennedy’s  position  on  communications  satellites  thus  set  the  stage  for  the  United  Nations  in 
act  on  this  subject  as  well.  In  September  1961,  the  United  Nations  General  Assembly  adopted  Resolution  1721, 
Section  P,  concerning  the  establishment  of  a global  communications  satellite  system.  Section  P stated  that  “com- 
munications by  means  of  satellite  should  be  available  to  the  millions  of  the  world  as  soon  as  possible  on  a glol>- 
al  and  non-discriminating  basis.” 
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different  versions  of  national  legislation  to  create  a framework  lor  satellite  communica- 
tions emerged  during  1961 — and  especially  during  1962 — within  Congress.  The  hill  of 
Senator  Robert  S.  Kerr  (D-OK)  would  have  made  space  communications  entirely  private. 
From  the  opposite  perspective,  the  bill  of  Senator  Estes  Kefauver  (I)— IN)  would  have 
made  such  communications  entirely  a governmental  enterprise,  finally,  the  Kennedy 
administration’s  bill  sought  a compromise  between  private  and  public  ownership  and 
among  various  policy  objectives.  [ 1-16,  1-1  7] 

After  months  of  debate  and  a filibuster  led  by  liberal  Democrats,  complete  with  a clo- 
ture vote,  the  Communications  Satellite  Act  of  1962  finally  emerged.  [ I-18|  I his  law  called 
for  the  creation  of  a new  entity  to  be  known  as  the  Communications  Satellite  Corporation 
(Comsat),  with  ownership  divided  fifty-fifty  between  the  general  public  and  telecommu- 
nications corporations,  such  as  AT&T,  International  Telephone  and  Telegraph  (NT), 
RCA,  and  Western  Union  International.1' Comsat’s  Board  of  Directors  consisted  of  six  rep- 
resentatives from  the  public  stockholders,  six  representatives  of  the  telecommunications 
industry,  and  three  presidential  appointees.  Comsat  was  designated  as  the  official  repie- 
sentative  of  the  United  States  for  global  satellite  communications.  Two  years  later,  the  cor- 
poration became  the  manager  of  the  emerging  global  system  known  as  the  International 
Telecommunications  Satellite  Consortium  (INTELSAT),  which  was  formed  on  August  20, 

1964. "  |I-19) 

Between  the  creation  of  Comsat  as  a new  corporation  on  August  SI,  1962,  and  the  cre- 
ation of  INTELSAT,  Comsat  contracted  with  the  Hughes  Aircraft  Company  (the  designer 
of  Syncom  1,  2,  and  S)  to  build  an  upgraded  version  of  the  Syncom  satellite.  This  satellite 
was  initially  designated  HS  SOS;  it  later  became  known  officially  as  IN  I ELSA T I.  The 
world,  however,  came  to  know  it  by  its  popular  name,  “Early  Bird.”  'The  satellite,  which  was 
I he  first  operational  geosync  hronous  communications  satellite,  weighed  eighty-five 
pounds  and  was  launched  in  April  1965.  It  had  a lifetime  of  eighteen  months  and  a c apac  - 
ity of  240  voice  circuits  or,  alternatively,  a black-and-white  television  channel.  This  transat- 
lantic satellite,  with  three  times  the*  capacity  of  the  largest  submarine  cable  then  available* 
and  the  ability  to  provide*  real-time  television  transmission,  captured  the  world’s  atten- 
tion. Ear  ly  Bird  ushered  in  a new  age  of  international  television  communications. ’ * Also  in 

1965,  the  U.S.  Department  of  Defense  deployed  a low-Earth-orbit  satellite  system  known 
as  the  Initial  Defense  Satellite  Communication  System  (IDSCS),  w4iile  the  Soviet  Union 
deployed  its  first  highly  elliptical  satellite  system  known  as  Molniya  (“Lightning”). 


IIS.  It  is  interesting  to  note  that  John  A.  Johnson.  General  Counsel  of  NASA,  was  temporarily  detailed 
to  Senator  Kerr’s  office  to  write  draft  legislation  for  the  Communications  Satellite  Act,  then  later  re  quested  by 
the  Kennedy  administration  to  draft  the  version  that  actually  became  law  (personal  intervie  w by  the  author  with 
John  A.  Johnson,  February  1984,  INTELSAT  Archives),  See  also  J.O.  Pasture,  7 he  Story  of  Communications  (New 
York:  MacEadden-Bertell,  I9f>4),  pp.  <’>7-92. 

I ) ( )ve*r  the  years,  the  Communications  Satellite  Act  e>f  1962  was  amended  to  allow  telecommunica- 

tions organizations  to  se*ll  oil  their  Comsat  holdings,  to  restructure  the  Comsat  Board  of  Directors,  and  to  allow 
Comsat  to  he  the  official  I S.  participant  in  the  International  Maritime  Satellite”  Organization  (INMARSAT), 
another  consortium  formed  over  a decade  later.  In  most  respects,  Comsat’s  legislatively  defined  role  lias 
remained  the  same*.  Over  time,  however,  through  actions  of  the  Federal  Communications  Commission  (FCC), 
the  I S.  e xe  c utive  branch,  and  the  courts,  Comsat  has  given  up  its  ownership  of  Earth  stations,  entered  the  l .S. 
satellite*  e oinmunie  aiions  market  on  a c ompetitive*  basis  with  other  corporations,  and  found  its  monopoly  role  in 
INTELSAT  and  INMARSAT  epiestioned.  These  changes  were  largely  the  result  «>l  a e hanging  regulator  y envi- 
ronment within  the*  C.S.  government.  During  the  Nixon,  Carter,  and  Reagan  administrations,  there  have  been 
increasing  efforts  to  move  toward  a deregulator  y and  competitive  approach  U>  most  tele  communie  ations  activi- 
ties that  had  traditionally  been  t arried  out  by  monopolies.  Despite  the  erosion  of  the  legislative  and  regulator) 
framework  within  which’ Comsat  operated  with  respect  to  INTELSAT,  whic  h occurred  between  1905  and  1990 
(espec  ially  the  loss  of  technic  al  management  of  the  INTELSAT  global  system  between  1973  and  1979),  Comsat 
remains  one*  ol  the  lew  monopolies  left  in  the  C tided  States. 

15  | CSC  Document.  I (SC-7- IE  (April  190.5),  pp.  8-9. 
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Twenty-Five  Years  of  Communications  Satellite 
Developments  (1965-1990) 

As  the  engineering  and  design  of  ihe  world’s  first  operational  communications  satel- 
lites proceeded,  the  nature  of  the  institutional  arrangements  for  global  satellite  commu- 
nications became  a topic  of  international  discussion  and  dispute. Ui  The  United  States 
initially  thought  in  terms  of  a series  of  bilateral  agreements  between  the  United  States  and 
major  users  of  international  telecommunications.  However,  those  on  the  other  side  of  the 
Atlantic,  developing  a common  position  through  the  Committee  on  European  Posts  and 
telecommunications  (the  association  of  European  communications  entities,  most  of 
which  were  government-owned  monopolies),  made  it  dear  in  February  19()4  that  a mul- 
tilateral agreement  was  the  only  acceptable  approach.  The  Europeans  also  were  reluctant 
to  hand  all  technical,  operational,  and  policy  control  over  to  the  United  Slates,  while  the 
United  States  wished  to  preserve,  as  long  as  possible,  its  technological  advantages  in  this 
new  commercial  sector.  (1-21 , 1-23,  1-24]  The  United  States  also  wanted  to  ensure  that  the 
benefits  of  communicating  via  satellites  were  available  to  all  countries,  whatever  their 
stage  of  economic  development.  |I-22] 

Ihe  United  States  cjuickly  dropped  its  insistence  on  bilateral  arrangements  and 
worked  toward  an  acceptable  multinational  framework.  Negotiations  with  Australia, 
Canada,  Japan,  and  Europe  lasted  two  years;  their  outcome  hinged  on  several  key  issues, 
fiance  piefeiied  three  separate  regional  satellite  systems — one  for  Europe*,  one  for  the* 
Americas,  and  one  for  Asia — but  finally  agreed  to  a single  global  system  with  a capital 
ceiling  for  a space  segment  investment  of  $500  million.  I bis  was  a much  higher  initial 
investment  than  several  other  European  countries  were  willing  to  accept.  Japan  and 
Australia  played  important  roles  in  promoting  compromise.  They  also  promoted  the*  use* 
of  geosynchronous  satellite's,  because  medium-altitude  systems  would  have  created  gaps  in 
coverage,  with  the  largest  gaps  being  in  the  Pacific  Ocean  region.17  Perhaps  the*  most 
important  compromise  between  the  United  States  and  other  countries  was  U.S.  accep- 
tance* of  tlu*  position  that  the  initial  agreement  was  only  valid  on  an  interim  basis — after 
five  years  of  experience  with  a U.S.-dominated  organization,  the  agreement  would  he* 
reopened  in  1909  for  review  and  potential  revision.  [1-25 1 

One  of  the  key  issues  debated  and  reviewed  in  the  1902-1904  negotiations  was  what 
type  of  services  INTELSAT  should  provide.  Would  it  furnish  all  forms  of  public  telecom- 
munications services  for  both  domestic  and  international  servicer  The  Interim 
Arrangements  of  1904  and  the  Definitive  Arrangements  of  1971  that  followed  both  spec- 
ified that  INTELSAT,  with  spec  ial  approval,  could  provide  a wide  range  of  “specialized 
services  that  included  hut  were  not  limited  to  radio  navigation  services,  broadcasting 


16.  Smith.  Commnnit  niton  via  Satellite,  pp.  155— II. 

17.  It  is  a commonly  held  belie!  lhal  the  successful  launch  and  operation  ol  Karlv  bird  in  geosynchro- 
nous orbit  effectively  ended  the  debate  about  the  Tight  orbit.”  In  tad,  FIT  was  selcc  led  to  undertake  a detailed 
study  of  medium-altitude  satellites  alter  the  launc  h of  Karlv  Bird.  Over  the  years,  the  issue  of  the  “best”  orbit  for 
communications  satellites  has  arisen  again  and  again.  Because  of  its  northern  latitude,  not  easily  covered  In  satel- 
lites in  geosynchronous  orbit  over  tlu*  equator,  the  Soviet  l nion  used  highly  elliptical  orbits  for  its  Molniva  satel- 
lites. Most  recently,  the  idea  of  creating  a lovv-Karth-oi  hit  grid  of  satellites  interconnected  bv  inter 'satellite  links 
has  been  proposed  by  at  least  one  potential  land  mobile  communications  satellite  svstem  operator.  Despite  the 
carlv  nongeosvneh roiions  systems,  such  as  the  Soviet  I 'nion's  Molniva  system  and  the  Department  of  Defense's 
II)S(,S,  and  despite  the  proposed  new  low-  and  medium-altitude  communications  satellite  systems,  use  of  the 
geosynchronous  orbit  is  still  predominant.  Well  over  95  percent  of  all  communications  satellites  for  domestic 
and  international  fixed  satellite  services,  as  well  as  lor  domestic,  regional,  and  international  lixed  satellite1  sei- 
vires,  plus  those-  tor  military,  mobile,  and  direct-broadcast  satellite  servic  e s,  have-  been  launched  into  geosyn- 
chronous orbit. 
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satellite  services,  spar v research  service's,  meteorological  services,  and  Earth  resource* 
service's.  Throughout  its  history,  however,  INTELSAT  has  confined  its  ac  tivities  to  fixed 
sate  llite*  service  public  telecommunications  for  several  reasons: 

• These  public  telecommunications  services  were*  the*  most  well-established,  prevalent, 
and  “desirable*”  services  for  its  constituent  members  in  terms  of  revenues. 

• The*  special  financial  conditions  and  agreements  needed  to  embark  on  “specialized 
services  posed  a barrier  to  moving  into  these  new  areas. 

• The  se*  other  “new”  service's  were*  largely  unproven  in  te  rms  of  market  viability. 

• Other  national,  regional,  or  global  ventures  and  institutional  entitie*s  providing  suc  h 
service's  as  maritime  communications,  regional  communications,  direct-broadcasting 
to  home*  anlennas,  and  remote  sensing  grew  up  over  the  years,  rims  it  was  not  easy 
for  INTELSAT  to  expand  as  these  organizations  develope  d more*  spi*c *ializecl  markt*ls. 

In  the*  (jiiarter  of  a century  that  followed  the  first  commercial  sate  llite  operations,  a 
remarkable  array  of  te  chnical  developments  has  ensued.  Ke  y innovations  have  included: 
multidestination  services  among  and  between  very  small  aperture  antennas;  the*  use  of 
more*  frequency  bands;  three-axis  stabilization,  rather  than  satellite's  rotating  about  their 
vertical  axis;  and  large,  high-performance  antennas  on  board  the*  satellite*s  themselves. 

The  Fist  three  decades  of  satellite  technology' development  can  be*  be*st  shown  perhaps 
by  the  evolution  of  the*  satellites  of  the  INTELSAT  system.  During  this  per  iod,  many  major 
technological  advances  occurred,  including  the*  seven  shown  in  I able*  I— 1.  I he*  cumulative 
result  of  these  Jc*chnological  gains  has  been  to  produce*  fixed  satellite*  designs  that  are*  oven- 
all  approximately  1,000  time's  more  cost-effective*  than  the*  Early  Bird  satellite*.  In  total,  the* 
last  three*  decades  have*  produced  satellites  that  are  at  le  ast  eighty  lime's  more  e ffective*  in 
terms  of  power,  are*  100  time's  more  frequency  efficient,  and  have  more  than  ten  time's 
greater  lifetime's.  It  is  perhaps  because*  fiber  optic  cable  s have  achieved  parallel  develop- 
ments in  cost-efficiency  on  the  Earth  that  the  remarkable  and  sustained  technological  break- 
throughs in  sate  llite*  telecommunications  are  not  more  wieU'ly  re*cogni/e*d  or  eelebrate'd. 

Most  advance's  in  communications  satellite*  technology  have*  originated  within  the* 
United  State’s;  le*ading  developers  have*  been  the  scientists  and  engineers  ol  such  aero- 
space  manufacturers  as  Ball  Aerospace,  Fairchild,  Hughe's  Aircraft,  Tocklu*ed-Martiii 
(now  including  General  Electric,  or  GE,  and  RCA),  TRW,  and  Fend  Aerospace-  (now  Space 
Syste*ms/Loral).  There!  have  been  many  other  contributors,  such  as  NASA,  the 
Department  of  Defense,  the*  National  Science  Foundation,  universities,  and  research  lalv 
oratories  such  as  Lincoln  Laboratory,  Johns  Hopkins  Advanced  Physics  Laboratories, 
Comsat  Laboratories,  and  the  Jet  Propulsion  Laboratory  (JPL)  and  other  NASA  centers. 
In  the*  last  decade*  in  particular,  the  spread  of  satellite  technology  has  become  truly  glot> 
al.  Major  capabilities  exist  in  Europe,  Russia,  Canada,  and  Japan,  and  more  are  emerging 
in  India,  China,  Korea,  Brazil,  Israel,  and  Australia. 


1H.  Set"  |i>hn  H.  McFlroy,  ed.,  Sparr  Science  and  Applications  (New  York:  IKKK  lVcss,  M)Kb),pp.  !S.‘V-L!H4. 
Although  it  is  difficult  to  single  out  precisely  and  without  omission  all  ol  the  individuals  who  played  the  most 
important  roles  iu  communications  satellite  development  over  this  period,  some  of  the  mosl  important  players 
were:  YVernher  von  Braun,  Richard  Marsten,  Robert  Lovell,  and  Leonard  Jaffo  ol  NASA;  Harold  Rosen  and 
Alberl  'Burl’'  Wheelon  of  Hughes  Aircraft;  Adolph  Thiel  of  TRW;  Jack  Harrington  of  Lincoln  laboratory; 
Siglried  Rieger,  Krnsl  Dieliich.  Martin  \btaw,  and  John  Johnson  of  Comsat  and  IN  I FI  .SA  1 ; Joseph  Campanrlla. 
Wilbur  Pritchard,  and  Burton  F.delson  ol  Comsal  Laboratories;  Kenneth  Rose  of  Ford  Aerospac  e;  Jack  Kiegler 
of  (.F  RCA;  William  Pickering  of  JPL;  J.O.  Paslore  ol  the  C.S.  Senate;  Fdward  Welsh  of  the  National  Spare 
Council;  and  John  Pierce  of  AI&I  sBell  Laboratories. 
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Table  1-1 

Technological  Advances 

Area  of  l)a>ebpmenl Measured  Advance  Key  New  Technologies  1 )n sloped 

1.  Satellite  Power  Power  increased  80  times  • Sun-oriented  solar  cell  array 

• High-efficiency  solar  cells 

• High-performance  N2H2  batteries 

• Use  of  hybrid  frequency  bands 

• Frequency  reuse  by  spatial  separation 

• Spot-beam  antennas 

• Frequency  reuse  by  polarization 
discrimination 

• Longer  life  batteries 

• Higher  performance  thrusters  and 
propellants 

• Solid-state  electronics 

• Enhanced  satellite  control 
techniques  (including  option  for 
inclined  orbit  operation) 

L Digital  Communication  Up  to  1, 000-percent  increase  • Development  ol  155.5-megabvte 
Technique's  and  Digital  through  use  of  TDMA  and  TDMA 

Circuit  Multiplication  CDMA  plus  digital  compression  • Digital  speec  h interpolation 

and  Compression  techniques  • 32- and  IfLkilobyte-per-second  voice 

Techniques  bringing  two-  to  fourfold  gain, 

respectively 

Exact  gain  not  easily  measured;  • Satellite-switched  TDMA 
expanded  use  of  spot-beam  • Hybrid  frequency  connection 

antennas — and  thus  expanded  between  uplink  and  downlink 

frequency  reuse — optimized  by  • On-board  switching  fault  detection 

on-board  interconnection  of  and  diagnostics 

beams  and  cross  strapping 

b.  Earth  Station  Antennas  Decrease  in  costs  of  Earth  stations  • Use  of  solid  state  electronics 

four-  to  tenfold  while  decrease  in  • Elimination  of  most  cryogenics 
si/e  of  antennas  by  factor  often  • Enhanced  low-cost  construction 

materials  and  improved 
construe  lion 

7.  Launch  Vehicle  Launch  reliability  increased  to  • Enhanced  roc  ket  motor  design 

Technology  nearly  90  percent  and  lift  with  greater  thrust 

capability  by  several  thousand  • Enhanced  guidance  systems 

percent;  cost-efficiency  of 

launching,  however,  on  a 

pre-pound  basis,  not  changed 

.significantly 


5.  On-Board  Satellite 
Switching 


3.  Satellite  Lifetime  Increase  in  lifetime  from 

1 .5  to  15  years 


2.  Effective  Use  of  Radio  Raciio  frequencies  available  at 
Frequencies  100  times  greater 


Kxplorinc.  n ik  Unknown 
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This  unique  development  of  new  space  communications  technologies  in  the  1970s 
and  1980s  did  not  simply  spring  up  spontaneously.  Within  NASA,  a series  of  experimental 
satellites  under  the  Applications  Technology  Satellite  (ATS)  program  were  developed  and 
tested  during  the  1967—1970  period.  I hese  satellites  expanded  the  technological  reach  of 
satellite  communications  in  terms  of  higher  frequency  hands,  new  antenna  si/e  and 
performance,  and  satellite  power  and  stabilization.  I he  A1 S program  also  helped 
demonstrate  the  new  technology  required  to  boost  overall  communications  satellite  per- 
formance. These  experimental  satellites  not  only  demonstrated  new  technology;  but  pro- 
vided valuable  educational  services  to  the  (Caribbean,  the  South  Pacific,  Brazil,  and  India, 
as  well  as  lo  rural  and  remote  parts  of  the  United  States.  NASA  joined  with  Canada  in  the 
Communications  Technology  Satellite  (CTS)  program;  after  its  launch  in  1976,  UTS 
demonstrated  new  techniques  of  space  telecommunications  that  could  operate  with  very 
small  terminals. 

As  the  communications  satellite  industry  matured  into  the  only  major  successful  com- 
mercial application  of  space,  controversy  arose  during  the  1970s  over  continuing  a gov- 
ernment-funded research  and  development  program  in  support  of  that  industry.  Some  in 
the  Nixon  administration  argued  that  such  a program  constituted  a subsidy  to  a particu- 
lar segment  of  the  private  sector — a role  the  government  should  not  play.  NASA,  laced 
with  this  argument  and  the  need  to  adjust  to  a rapidly  declining  budget  in  the  post-Apollo 
period,  decided  in  1972  to  terminate  its  support  of  communications-related  research  and 
development.  (1-27] 

This  decision  remained  controversial  for  a number  of  years;  by  the  late  1970s,  NASA 
was  being  urged  to  reenter  the  area.  [1-281  The  program  that  NASA  proposed,  the 
Advanced  Communications  Technology  Satellite  (ACTS),  had  a difficult  time  getting 
White  House  approval  for  most  of  the  1980s;  congressional  and  some  mixed  industrial 
pressure  finally  led  to  the  program’s  going  forward.  [1-29]  After  its  launch  in  1998, 
however,  ACTS  went  on  to  demonstrate  a variety  of  new  techniques  for  enhancing  the  per- 
formance of  communications  satellites,  especially  with  regard  to  operating  in  the  new  Ka 
hand  (thirty  to  200  hertz)  and  on-board  processing  of  signals  so  as  to  interconnect  a very 
large  number  of  spot  beams  (narrow,  very-high-power  beams),  which  boosted  frequency 
reuse  and  increased  satellite  throughout  capacity.  However,  it  is  hard  to  measure  the  sig- 
nificant impact.  By  the  end  of  September  1996,  the  Federal  Communications  Commission 
(FCC)  filing  deadline,  about  fifteen  new  Ka-band  satellite  systems  with  a combined  esti- 
mated value  of  approximately  $50  billion  have  been  proposed  to  provide  high-data-rate 
multimedia  video  sources  to  North  America  and/or  the  world.  If  completely  displayed, 
this  would  mean  more  than  1,200  new  satellites  in  geosynchronous,  medium,  and  low- 
Farth  orbits. m 

Furthermore,  the  development  of  the  Tracking  and  Data  Relay  Satellite  System 
(TDRSS)  has  led  the  way  in  such  areas  as  intersatellite  links  and  communications  between 
low  and  geostationary  orbits,  satellite-switched  time  division  multiple  access  techniques 
dial  allow  multiple  users  to  employ  the  same  transponder,  and  combined  fixed  and 
mobile  satellite  communications.  Today,  the  Orion  Satellite  System  is  operating  inter- 
satellite links,  and  many  of  the  proposed  new  multimedia  satellites  will  offer  intersatellite 
link  capabilities. 

The  experimental  programs  funded  by  the  Department  of  Defense  have  also  been 
contributors  to  technology  development.  In  addition  to  Lincoln  Laboratory  s LKS-J  to 
LKS-9  experimental  satellites,  there  have  been  numerous  missions  designed  by  the 


19.  Spare  30:  Thirty  Year  (hmvifw  of  Spare  Applications  and  Exploration  (Washington,  DC:  Society  ol 
Satellite  Professionals,  19N9). 
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Aerospace  Corporation  and  various  tactical  communication  and  Defense  Satellite 
Communications  System  (DSUS)  spacecraft  launched  over  the  years.  Because  many  of 
these  military  satellites  were  built  by  contractor  firms  that  also  constructed  commercial 
satellites,  there  was  often  effective  technology  transfer  within  those  firms. 

Domestic  Communications  Satellite  Systems 

The  first  domestic  satellite  systems  were  deployed  in  the  Soviet  Union  (Molniya  in 
1969)  and  Canada  (Anik  in  1971).  A June  1972  decision  by  the  FCC  opened  the  way  to 
the  use  of  satellites  for  domestic  communications  within  the  United  States,  thus  opening 
up  a large  new  market  for  satellite  telecommunications.  [1-26]  The1  ability  of  such  systems 
to  provide  service  to  rural  and  remote  areas  and  to  relay  television  and  other  broadcast 
services  to  very  small  aperture  antennas  was  quickly  proven.  Over  the  last  fifteen  years, 
these  early  successes  have  resulted  in  seventeen  countries  developing  their  own  opera- 
tional or  experimental  domestic  satellite  systems  and  placing  satellites  in  the  geosynchro- 
nous orbit. >0  In  addition,  approximately  fifty  countries  are  obtaining  domestic 
communications  satellite  service  through  their  participation  (typically  through  the  lease 
of  transponders)  in  international  and  regional  satellite  systems. 

The  beginning  of  the  evolution  toward  regional  systems  can  be  attributed  to  KUTEL- 
SAT,  the  European  Telecommunications  Satellite  Organization.  This  organization  started 
in  its  provisional  form  on  June  SO,  1977.  This  was  followed  by  ARABS  AT,  which  became 
operational  in  1985,  even  though  the  idea  was  developed  eight  years  earlier.  After  ARAB- 
IA I , the  trend  shifted  away  from  public  consortia  closely  modeled  on  a scaled-down  ver- 
sion of  INTELSAT.  Newer  systems  used  a privately  owned — and  more  competitive — 
approach.  AS1 RA  was  established  in  the  1980s  to  provide  low-power  direct-broadcast  ser- 
vice in  Europe.  PanAmSat  began  providing  private  transatlantic  services  in  1988.  In  Asia, 
Palapa  in  1980  and  later  ASIASAT  in  1990  began  to  offer  certain  forms  of  both  regional 
and  domestic  service,  with  APSTAR  following  suit  four  years  later. 


Conclusion 

In  the  last  quarter  century,  tremendous  progress  has  been  made  in  space  communi- 
cations. New  and  expanded  frequency  bands  have  been  operationally  proven,  and  various 
use's  of  communications  satellites  have  been  successfully  demonstrated.  Consistent  gains 
have  been  made  in  frequency  reuse,  spacecraft  power,  reliability,  and  lifetime. 
Improvements  it)  Earth  station  delay  and  performance,  digital  modulation,  and  digital 
coding  help  complete  a picture  of  total  performance  gains  of  more  than  1,000  times  in 
the  last  three  decades.  The  range  of  space  communications  services  has  evolved  from 
international  and  domestic  fixed  satellite  services  to  mobile  satellite  services,  broadcast 
satellite  services,  and  even  intersatellite  links. 

In  the  past,  the  distinction  was  quite  clear  between  the  satellite  servers  known  as  Fixed 
Satellite  Service  (FSS),  Mobile  Satellite  Service  (MSS),  Broadcast  Satellite  Service  (BSS), 
and  Radio  Determination  Satellite  Service  (RI)SS).  These  designations,  as  developed  by 
the  International  telecommunications  Union  (ITU),  were  used  to  allocate  frequencies. 
Ironically,  as  the  ITU  has  gone  to  more  and  more  precise  definitions  of  frequency  alloca- 
tions, such  as  aeronautical  mobile,  maritime  mobile,  and  land  mobile  satellite  services, 


20.  I lu*  srvrntrrn  countries  that  have*  launched  one  or  more  domestic  communications  satellite  sys- 
tems are:  Australia,  Brazil,  Canada,  China,  France,  Germany,  India,  Indonesia,  Italy,  Japan,  Luxembourg. 
Mexico,  Spain,  Sweden,  the  United  States,  the  United  Kingdom,  and  the  Soviet  Union. 
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the  technology  has  been  moving  in  the  opposite  direction.  The  satellites'  characteristics 
have  been  moving  together  in  terms  of  satellite  power,  antenna  beams,  and  on-hoarcl  pro- 
cessing. Many  of  the  latest  Ka-band  satellites,  such  as  General  hlectric  s (jK  Star,  can  actu- 
ally offer  fixed,  mobile  broadcast,  and  navigational  services. 

Equally  significant  is  that  these  new  satellite  systems,  because*  they  can  work  to 
microterminals  (fifty  to  sixty-five*  centimeters  in  diame  ter)  and  to  handheld  transceivers, 
can  “bypass”  conventional  terrestrial  networks.  Thus,  it  can  be  said  that  satellite  commu- 
nications systems  are  now  becoming  a truly  large,  mass  consume*]  business  that  are  start- 
ing to  rival  terrestrial  telecommunications  systems. 

Innovation  has  not  been  limited  to  tlu*  technological  arena.  Beginning  wilh  a single- 
global  telecommunications  satellite  entity,  INTELSAT,  there  has  been  a proliferation  of 
organizational  forms  for  bringing  the*  promise  of  communications  satellite's  into  lealily. 
'fhe  1984  decision  in  tlu*  United  Slates  to  modify  the  traditional  U.S.  position  that  INTEL- 
SAT was  the  only  authorized  provider  of  global  communications  satellite*  servic  es  was  a key 
to  this  development.  [1-301  Both  public  and  private  forms  of  institutionalizing  communi- 
cations satellite  services  have  emerged,  as  have  several  creative*  hybrid  public-private  orga- 
nizations. Clearly,  today,  new  private  and  competitive  forms  of  satellite  communications 
arc*  becoming  predominant  as  both  INTELSAT  and  INMARSAI  are  spinning  off  new 
commercial  entities  to  provide  new  forms  of  satellite  servic  es. 

fhe  ability  to  communicate  words,  images,  and  data  instantaneously  around  the*  globe* 
has  f undamentallv  changed  the*  character  of  international  and  intercultural  relations. 
Through  this  application  of  space  technology,  a “global  village”  has  truly  come*  into  being. 

Document  M 

Document  title:  Arthur  C.  Clarke,  “The  Space-Station:  Its  Radio  Applications,”  May  25, 
1945. 

Source:  National  Air  and  Space  Museum  Archives,  Smithsonian  Institution,  Washington, 
D.C. 


Document  L2 

Document  title:  Arthur  C.  Clarke,  “Extra-Terrestrial  Relays:  Can  Rocket  Stations  Give 
World-Wide  Radio  Coverage?,”  Wireless  World , October  1945,  pp.  305-308. 

The  Russian  theorist  Konstantin  Tsiolknvsky  was  the  first  to  note  that  a satellite  orbiting  22,  300  miles 
above  the  Earth's  surface  would  travel  at  a speed  that  would  make  if  appear  to  be  stationary  from 
Earth  because  its  orbital  velocity  would  be  the  same  as  the  speed  at  which  the  Earth  xoas  rotating.  In 
1928,  Unman  Pot  den  if  an  Austrian  Imperial  Army  officer,  writing  under  the  pseudonym 
Nnordung,  proposed  a crewed  space  station  in  such  a “geosynchronous”  orbit , to  be  used  for  meteo- 
rology, reconnaissance,  and  Earth  mapping.  However, ; it  was  Arthur  ('.  Clarke  that  first  called  wide- 
spread attention  to  the  utility  of  the  geosynchronous  orbit  for  communications.  In  May  194  s),  Clarke, 
a physicist  and  at  that  time  the  secretary  of  the  British  InUrplanetary  Society,  circulated  six  copies  of 
his  paper  “ The  Space-Station:  Its  Radio  Applications  ” to  his  society  colleagues.  (The  paper  was  not 
actually  published  until  1968,  when  it  appeared  in  the  society's  Spaceflight  magazine.)  A second 
paper,  written  in  June  1945,  appeared  in  the  October  1945  issue  of  Wireless  World. 
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[no  page  number] 

The  Space-Station:  Its  Radio  Applications 

Arthur  ( ).  Clarke 
25  May  1945 

1 1 ] 1.  The  Space-station  was  originally  conceived  as  a refueling  depot  for  ships  leaving 
the  Earth.  As  such  it  may  fill  an  important  though  transient  role  in  the  conquest  of  space, 
during  the  period  when  chemical  fuels  are  employed.  Other  uses,  some  of  them  rather 
fantastic,  have  been  suggested  for  the  space-station,  notably  by  Hermann  Noordung.1 
However,  there  is  at  least  one  purpose  for  which  the  station  is  ideally  suited  and  indeed 
has  no  pract  ic  al  alternat  ive.  This  is  the  provision  of  world-wide  ultra-high-frequencv  radio 
services,  inc  luding  television. 

2.  In  the  following  discussion  the  word  “television”  will  be  used  exclusively  but  it 
must  be  understood  to  cover  all  services  using  the  u.h.f.  spectrum  and  higher.  It  is  prob- 
able that  television  maybe  among  the  least  important  of  these  as  technical  developments 
occur.  Other  examples  are  frequency  modulation,  facsimile  (capable  of  transmitting 
100,000  pages  an  hour*),  specialized  scientific  and  business  services,  and  navigational  aids. 

3.  Owing  to  bandwidth  considerations  television  is  restricted  to  the  frequency  range 
above  50-Mc/sec  [megacycles  per  second),  and  there  is  no  doubt  that  very  much  higher 
frequencies  will  be  used  in  the  immediate  future.  'Hie  American  Telephone  and 
Telegraph  Company  are  [sic J already  building  an  experimental  network  using  frequen- 
cies up  to  12,000  megacycles.’  Waves  of  such  frequencies  are  transmitted  along  quasi- 
optical  paths  and  accordingly  receiver  and  transmitter  must  lie*  not  far  from  the  line  of 
sight.  Although  refraction  increases  the  range,  it  is  fair  to  say  that  the  service  radius  for  a 
television  station  is  under  50  miles,  (The  range  of  the  London  service  was  rather  less  than 
this.  ) As  long  as  radio  continues  to  be  used  for  communication,  this  limitation  will  remain,  as  it  is 
a fundamental  and  not  a technical  restriction . 

4.  Wide-band  frequency-modulation,  one  of  the*  most  important  of  radio  develop- 
ments, comes  in  the  same  category.  FM  can  give  much  better  quality  and  freedom  from 
interference  than  normal  amplitude-modulation,  and  many  hundreds  of  stations  are 
being  planned  for  the  post-war  years  in  America  alone.  The  technical  requirements  of  FM 
make  it  essential  that  only  the  direct  signal  be*  used,  and  ionospheric  reflexions  c annot  be 
employed.  The  range  of  the  service  is  thus  limited  by  the  curvature  of  the  Earth,  precise- 
ly as  for  television. 

5.  Io  provide  services  over  a large  area  it  is  necessary  to  build  numerous  stations  on 
high  ground  or  with  radiators  on  towers  several  hundred  feet  high.  These  stations  have  to 
be  linked  by  landline  or  subsidiary  radio  circuits.  Such  a system  is  practicable  in  a small 
country  such  as  Britain,  but  even  here  the  expense  will  be  enormous.  It  is  quite  prohibi- 
tive in  the  case*  of  a large  continent  and  it  therefore  seems  likely  that  only  highly  popu- 
lated communities  will  be  able  to  have  television  services. 

fi.  An  even  more  serious  problem  arises  when  an  attempt  is  made  to  link  television 
systems  in  different  parts  of  the  globe.  Theoretical  studies*  indic  ate*  that  using  a radio  relay 
system,  repeater  stations  will  be  necessary  at  intervals  of  less  than  fifty  miles.  These*  will 
take*  the  form  of  towers  several  hundred  feet  high,  carrying  rec  eivers,  amplifiers  and  trans- 
mitters. To  link  regions  several  thousand  miles  apart  will  thus  cost  many  millions  of 
pounds,  and  the*  problem  of  transoceanic  services  remains  insoluble. 


Ext’LORINO  mi  Unknown 


7.  In  the  near  future,  the  large  airliners  which  will  fly  great  circle  routes  over  oceans 
and  uninhabited  regions  of  the  world  will  require  television  and  allied  services  and  there 
is  no  known  [2]  manner  in  which  these  can  be  provided. 

H.  All  these  problems  can  be  solved  by  the  use  of  a chain  of  space-stations  with  an 
orbital  period  of  24  hours,  which  would  require  them  to  be  at  a distance  of  42,000  Km 
| kilometers | from  the  centre  of  the  earth.  (Fig  1 .)  There  are  a number  of  possible  arrange- 
ments for  such  a chain  but  that  shown  is  the  simplest.  The  stations  would  lie  in  the  earth’s 
equatorial  plane  and  would  thus  always  remain  fixed  in  the  same  spots  in  the  sky,  from  the* 
point  of  view  of  terrestrial  observers.  Unlike  all  other  heavenly  bodies  they  would  never  rise* 
nor  set.  This  would  greatly  simplify  the  use  of  directive  receivers  installed  on  the  earth. 


9.  The  following  longitudes  are  provisionally  suggested  for  the  stations  to  provide 
the*  best  service  to  the  inhabited  portions  of  the  globe,  though  all  parts  e>l  the  planet  will 
be*  covered. 

30  E — Africa  and  Europe. 

150  E — China  and  Oceana. 

90  W — The  Americas. 

10.  Each  station  would  broadcast  programmes  over  about  a third  of  the  planet. 
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Assuming  the  use  of  a frequency  of  3,000  megacycles,  a [3]  reflector  only  a few  feet  across 
would  give  a beam  so  directive  that  almost  all  the  power  would  be  concentrated  on  the 
earth.  Arrays  a metre  or  so  in  diameter  could  lx1  used  to  illuminate  single  countries  if  a 
more  restricted  service  was  required. 

1 1 . flie  stations  would  be  connected  with  each  other  by  very-n arrow-beam,  low-power 
links,  probably  working  in  the  optical  spectrum  or  near  it,  so  that  beams  less  than  a degree 
wide  could  be  produced. 

12.  The  system  would  provide  the  following  services  which  cannot  be  realized  in  any 
other  manner: 

a)  Simultaneous  television  broadcasts  to  the  entire  globe,  including  services  to 

aircraft. 

b)  Relaying  of  programmes  between  distant  parts  of  the  planet. 

13.  In  addition  the  stations  would  make  redundant  the  network  of  relay  towers  cov- 
eting the  main  areas  of  civilisation  and  representing  investments  of  hundreds  of  millions 
of  pounds.  (Work  on  the  first  of  these  networks  has  already  started.) 

14.  Figure  II  shows  diagrammatic  ally  some  of  the  specialised  set  vic  es  that  could  be 
provided  by  the  use  of  dif  fering  radiator  systems. 


Programme  from  A being  relayed  to  point  B and  area  C. 

Programme  from  1)  being  relayed  to  whole  hemisphere. 

1 4]  15.  The  numerous  technical  problems  involved  in  this  communication  system  cannot 
be  discussed  here  but  it  can  be  stated  that  none  of  them  present  any  difficulties  even  at 
the  present  time,  thanks  to  the  development  of  hyperfrequency  engineering.  It  is  hoped 
to  discuss  them  in  a later  paper  when  security  conditions  permit. 
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If),  The  receiving  equipment  at  tlu*  earth  end  would  consist  of  small  parabolas  per- 
haps a loot  in  diameter  with  dipole  pic  kup.  These  would  be  suffic  iently  directive  to  pre- 
vent interference  in  the  three  doubly-illuminated  zones.  They  would  bo  aimed  towards  the 
station  with  the  least  ze  nithal  distance  and  once  adjusted  need  never  be  touched  again. 
Mobile  equipment  would  require  automatic  following  which  presents  slight  mechanical 
complic  ations  (a  few  valves  and  a servo  motor)  but  no  tec  hnic  al  diffic  ulties. 

17.  fhe  effic  iency  of  the*  system  would  be  nearly  100%,  sinc  e*  almost  all  the*  power 
would  fall  on  the*  service  area.  A preliminary  investigation  shows  that  the*  world  broadcast 
would  require  about  te  n kilowatts,  while  the  beam  relay  services  would  require  only  frac- 
tions of  a kilowatt.  These  powers  are  very  small  compared  with  present-day  broadcasting 
stations,  some*  of  which  radiate  hundreds  of  kilowatts.  All  the  power  required  for  a large 
number  of  simultaneous  services  could  be*  obtained  from  solar  generators  with  mirrors 
about  ten  metres  in  radius,  assuming  an  ef  ficiency  of  about  40%.  In  addition,  the  condi- 
tions of  vac  uum  make*  it  easy  to  use*  large  and  fully  demountable*  valves. 

18.  No  communication  development  which  can  be  imagined  will  tender  the  chain  of 
stations  obsolete*  and  since*  it  fills  what  will  eventually  be*  an  urgent  need,  its  economic 
value  will  be*  enormous. 

10.  For  completeness,  other  major  uses  of  the  station  are  listed  below: — 

a)  Research, — Astrophysic  al,  Physical,  Electronic. 

These  applications  arc  obvious.  The  space-station  would  he*  justified  on  these 
grounds  alone*,  as  there  at  e*  many  experiments  which  can  only  be*  conducted  above  the 
atmosphere. 

b)  Meteorological. 

Fhe  station  would  be  absolutely  invaluable  for  weather  forecasting  as  the 
movement  of  fronts,  etc.  would  be*  visible  from  space*. 

c)  Traffic. 

This  is  looking  a good  deal  further  ahead,  but  ultimately  the*  chain  will  be* 
used  extensively  for  controlling  and  checking,  possibly  by  radar,  the*  movement  of  ships 
approaching  or  leaving  the*  earth.  It  will  also  play  an  extremely  important  role*  as  the*  first 
link  in  the*  solar  communication  system. 
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Extra-Terrestrial  Relays: 

Can  Rocket  Stations  Give  World-Wide  Radio  Coverage? 


Bv  Arthur  C.  Clarke 


[original  set  in  three  columns  of  newspaper  style  text  per  page] 

Although  it  is  possible,  by  a suitable  choice  of  frequencies  and  routes,  to  provide  tele- 
phony circuits  between  any  two  points  or  regions  of  the  earth  for  a large  part  of  the  time, 
long-distance  communication  is  greatly  hampered  by  the  peculiarities  of  the  ionosphere, 
and  there  are  even  occasions  when  it  may  be  impossible.  A true  broadcast  service,  giving 
constant  Held  strength  at  all  times  over  the  whole  globe  would  be  invaluable,  not  to  say 
indispensable,  in  a world  society. 

Unsatisfactory  though  the  telephony  and  telegraph  position  is,  that  of  television  is  far 
worse,  since  ionospheric  transmission  cannot  be  employed  at  all.  The  service  area  of  a 
television  station,  even  on  a very  good  site,  is  only  about  a hundred  miles  across.  To  cover 
a small  country  such  as  Great  Britain  would  require  a network  of  transmitters,  connected 
by  coaxial  lines,  waveguides  or  VHF  relay  links.  A recent  theoretical  study1  has  shown  that 
such  a system  would  require  repeaters  at  intervals  of  fifty  miles  or  less.  A system  of  this 
kind  could  provide  television  coverage,  at  a very  considerable  cost,  over  the  whole  of  a 
small  country.  It  would  be  out  of  the  question  to  provide  a large  continent  with  such  a ser- 
vice, and  only  the  main  centres  of  population  could  be  included  in  the  network. 

The  problem  is  equally  serious  when  an  attempt  is  made  to  link  television  services  in 
different  parts  of  the  globe.  A relay  chain  several  thousand  miles  long  would  cost  millions, 
and  transoceanic  services  would  still  be  impossible.  Similar  considerations  apply  to  the 
provision  of  wide-hand  frequency  modulation  and  other  services,  such  as  high-speed  fac- 
simile!,] which  are  by  their  nature  restricted  to  the  ultra-high-frequencies. 

Many  may  consider  the  solution  proposed  in  this  discussion  too  far-fetched  to  be 
taken  very  seriously.  Such  an  altitude  is  unreasonable,  as  everything  envisaged  here  is  a 
logical  extension  of  developments  in  the  last  ten  years — in  particular  the  perfection  of  the 
long-range  rocket  of  which  V2  was  the  prototype.  While  this  article  was  being  written,  it 
was  announced  that  the  Germans  were  considering  a similar  project,  which  they  believed 
possible  within  fifty  to  a hundred  years. 

Before  proceeding  further,  it  is  necessary  to  discuss  briefly  certain  fundamental  laws 
of  rocket  propulsion  and  “astronautics.”  A rocket  which  achieved  a suf  ficiently  great  speed 
in  flight  outside  the  earth’s  atmosphere  would  never  return.  This  “orbital”  velocity  is  8 km 
per  sec.  (5  miles  per  sec.),  and  a rocket  which  attained  it  would  become  an  artificial  satel- 
lite1, circling  the  world  for  ever  with  no  expenditure  of  power — a second  moon,  in  fact. 
The  German  transatlantic  rocket  AH)  would  have  reached  more  than  half  this  velocity. 

It  will  be  possible  in  a few  more  years  to  build  radio  controlled  rockets  which  can  be 
steered  into  such  orbits  beyond  the  limits  of  the  atmosphere  and  left  to  broadcast  scien- 
tific information  back  to  the  earth.  A little  later,  manned  rockets  will  be  able  to  make  sim- 
ilar flights  with  sufficient  excess  power  to  break  the  orbit  and  return  to  earth. 

There  are  an  infinite  number  of  possible  stable  orbits,  circular  and  elliptical,  in  which 
a rocket  would  remain  if  the  initial  conditions  were  correct.  The  velocity  of  8 km/sec. 
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applies  only  to  the  closest  possible  orbit,  one  just  outside  the  atmosphere,  and  the  period 
of  revolution  would  be  about  90  minutes.  As  the  radius  of  the  orbit  increases  the  velocity 
decreases,  since  gravity  is  diminishing  and  less  centrifugal  force  is  needed  to  balance  it. 
Fig.  1 shows  this  graphically.  The  moon,  of  course,  is  a particular  case  and  would  lie  on 
the  curves  of  Pig.  1 if  they  were  produced.  The  proposed  German  space-stations  [Figure 
1 1 would  have  a period  of  about  four  and  a half  hours. 


f'lgu  re  l Variation  of  orbital  fir  rind  and  vrlority  with  distance  from  the  (enter  of  the  earth. 

It  will  be  observed  that  one  orbit,  with  a radius  of  42,000  km,  has  a period  of  exactly 
24  hours.  A body  in  such  an  orbit,  if  its  plane  coincide  with  that  of  the  [306]  earth’s  equator, 
would  revolve  with  the  earth  and  would  thus  be  stationary  above  the  same  spot  on  the  plan- 
et. It  would  remain  fixed  in  the  sky  of  a whole  hemisphere  and  unlike  all  other  heavenly  bod- 
ies would  neither  rise  nor  set.  A body  in  a smaller  orbit  would  revolve  more  quickly  than  the 
earth  and  so  would  rise  in  the  west,  as  indeed  happens  with  the  inner  moon  of  Mars. 

Using  material  ferried  up  by  rockets,  it  would  be  possible  to  construct  a “space- 
station  in  such  an  orbit.  The  station  could  be  provided  with  living  quarters,  laboratories 
and  everything  needed  for  the  comfort  of  its  crew,  who  would  be  relieved  and  provisioned 
by  a regular  rocket  service.  This  project  might  be  undertaken  for  purely  scientific  reasons 
as  it  would  contribute  enormously  to  our  knowledge  of  astronomy,  physics  and  meteorol- 
ogy. A good  deal  of  literature  has  already  been  written  on  the  subject." 

Although  such  an  undertaking  may  seem  fantastic,  it  requires  for  its  fulfillment  rock- 
ets only  twice  as  fast  as  those  already  in  the  design  stage.  Since  the  gravitational  stresses 
involved  in  the  structure  are  negligible,  only  the  very  lightest  materials  would  be  neces- 
sary and  the  station  could  be  as  large  as  required. 

Let  us  now  suppose  that  such  a station  were  built  in  this  orbit.  It  could  be  provided 
with  receiving  and  transmitting  equipment  (the  problem  of  power  will  be  discussed  later) 
and  could  act  as  a repeater  to  relay  transmissions  between  any  two  points  on  the  hemi- 
sphere beneath,  using  any  frequency  which  will  penetrate  the  ionosphere.  If  directive 
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arrays  were  used,  the  power  requirements  would  he  very  small,  as  direct  line  of  sight  trans- 
mission would  be  used.  There  is  the  further  important  point  that  arrays  on  the  earth,  once 
set  up,  could  remain  fixed  indefinitely. 

Moreover,  a transmission  re- 
ceived from  any  point  on  the  hemi- 
sphere could  be  broadcast  to  the 
whole  of  the  visible  fat  e of  the  globe, 
and  thus  the  requirements  of  all  pos- 
sible services  would  be  met  (fig-  2). 

It  may  be  argued  that  we  have  as 
vet  no  direct  evidence  of  radio  waves 
passing  between  the  surface  [Figure 
2 1 of  tiie  earth  and  outer  space;  all 
we  can  say  with  certainly  is  that  the 
shorter  wavelengths  are  not  reflected 
back  to  earth.  Direct  evidence  of 
field  strength  above  the  earth's 
atmosphere  could  be  obtained  by  V2 
rocke  t technique,  and  it  is  to  be 
hoped  that  someone  will  do  some- 
thing about  this  soon  as  there  must 
be-  quite  a surplus  st.H  k sonu-vvlu  re!  , ram+rm,ri„l sendees.  Transmission  from  A 

Altei  natively,  given  sufficient  tl<ms  [mints  li  ami  arm  (.;  transmission  from  I>  hetng; 

mining  power,  we  might  obtain  the  u,/,„fr  hemisphere. 

necessary  evidence  by  exploring  lor 
echoes  from  the  moon.  In  the  mean- 
time we  have  visual  evidence  that  frequencies  at  the  optical  end  of  the  spectrum  pass 
through  with  little  absorption  except  at  certain  frequencies  at  which  resonance  (‘fleets 
occur.  Medium  high  frequencies  go  through  the  K layer  twice  to  be  reflec  ted  from  the  F 
[Figure  8|  layer  and  echoes  have  been  received  from  meteors  in  or  above  the  F layer.  It 
seems  fairly  certain  that  frequencies  from,  say,  50  Mc/s  to  100,000  Mc/s  could  be*  used 
without  undue  absorption  in  the  atmosphere  or  the  ionosphere. 


Figure  3.  Three  satellite  stations  would  ensure  complete  coverage  of  the  globe. 

A single  station  could  only  provide1  coverage  to  half  the  globe*,  and  lot  a wot  Id  sei  vice, 
three  would  be  required,  though  more  could  be  readily  utilized.  Fig.  8 shows  the  simplest 
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arrangement.  I he  stations  would  be  arranged  approximately  equidistantly  around  the 
earth,  and  the  following  longitudes  appear  to  be  suitable: — 

SO  E — Africa  and  Europe. 

150  E — China  and  Oceana. 

90  W — The  Americas. 

The  stations  in  the  chain  would  be  linked  by  radio  or  optical  beams,  and  thus  any  con- 
ceivable beam  or  broadcast  service  could  be  provided. 

The  technical  problems  involved  in  the  design  of  such  stations  are  extremely  inter- 
esting,'  hut  only  a Few  can  he  gone  into  here.  Batteries  of  parabolic  reflectors  would  be 
provided,  ol  apertures  depending  on  the  frequencies  employed.  Assuming  the  use  ol 
3 000  M,  s waves,  mirrors  about  a metre  across  would  beam  almost  all  the  power  on  to 
the  earth  Larger  reflec  tors  could  be  used  to  illuminate  single  countries  or  regions  for  the 
more  restricted  services,  with  |307|  consequent  economy  of  power.  On  the  higher  fre- 
quencies it  is  not  difficult  to  produce  beams  less  than  a degree  in  width,  and,  as  men- 
tioned before,  there  would  be  no  physical  limitations  on  the  si/e  of  the  mirrors.  (From  the 
space  station,  the  disc  ol  the  earth  would  be  a little  over  17  degrees  across).  The  same  mir- 
rors could  be  used  for  many  different  transmissions  if  precautions  were  taken  to  avoid 
cross  modulation. 

It  is  dear  from  the  nature  of  the  system  that  the  power  needed  will  be  much  less  than 
that  required  for  any  other  arrangement,  since  all  the  energy'  radiated  can  be  unifotmly 
distributed  over  the  service  area,  and  none  is  wasted.  An  approximate  estimate  of  the 
power  required  for  the  broadcast  service  from  a single  station  can  be  made  as  follows:— 

The  field  strength  in  the  equatorial  plane  of  a X/'l  dipole  in  free  spac  e at  a distance 
of  ( I metres  is 

,-0.85  VP  volts/ metre,  where  P is  the  power  radiated  in  watts. 
d 

Taking  d as  42,000  km  (effectively  it  would  be  less),  we  have  P=:57.<>  r watts,  (e  now  ill 
uV/metrc.) 

If  we  assume  e to  be  50  microvolts/metre,  which  is  the  F.C.C.  standard  for  frequency 
modulation,  V will  be  94  kVV  | kilowatts |.  This  is  the  power  required  for  a single  dipole, 
and  not  an  array  which  would  concentrate  all  the  power  on  the  earth.  Such  an  array  would 
have  a gain  over  a simple  dipole  of  about  80.  The  power  required  for  the  broadcast  ser- 
vice- would  thus  he  about  1.2  kW.1 

Ridiculously  small  though  it  is,  this  figure  is  probably  much  too  generous.  Small 
parabolas  about  a foot  in  diameter  would  be  used  for  receiving  at  the  earth  end  and  would 
give  a very  good  signal/noise  ratio.  There  would  be  very  little  interference,  partly  bec  ause 
of  the-  frequency  used  and  partly  because  the  mirrors  would  be  pointing  towards  the  sky 
which  could  contain  no  other  source  of  signal.  A field  strength  of  10  microvolts/ tnelie 
might  well  be  ample,  and  this  would  require  a transmitter  output  of  only  50  watts. 

When  it  is  remembered  that  these  figure  relate  to  the  broadcast  service,  the  efficien- 
cy of  the  system  will  be  realised.  The  point-to-point  beam  transmissions  might  need  pow- 
ers of  only  10  watts  or  so.  These  figures,  of  course,  would  need  correction  for  ionospheric 
and  atmospheric  absorption,  but  that  would  be  quite  small  over  most  of  the  band.  The 
slight  falling  off  in  field  strength  due  to  this  cause  towards  the  edge  of  the  service  area 
could  be  re  adily  corrected  by  a non-uniform  radiator. 

The  efficiency  of  the  system  is  strikingly  revealed  when  we  consider  that  the  London 
Tele  vision  service  required  about  3 kW  average  power  for  an  area  less  than  fifty  miles  in 
radius.' 

A second  fundamental  problem  is  the  provision  of  electrical  energy  to  run  the  large 
number  of  transmitters  required  for  the  different  services.  In  space  beyond  the  attnos- 
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phere,  a square  metre  normal  to  the  solar  radiation  intercepts  1.35  kW  of  energy.''  Solar 
t ngiiK  s have  already  been  devised  for  terrestrial  use  and  are  an  economic  proposition  in 
tropical  countries.  They  employ  mirrors  to  concentrate  sunlight  on  the  boiler  of  a low- 
pressure  steam  engine.  Although  this  arrangement  is  not  very  efficient  it  could  be*  made 
much  more  so  in  space  where  the  operating  components  are  in  a vacuum,  the  radiation 
is  intense  and  continuous,  and  the  low-temperature  end  of  the  cycle  could  be  not  far  from 
absolute  zero.  Thermo-electric  and  photo-electric  developments  may  make  it  possible  to 
utilize  the  solar  energy  more  directly. 

Though  there  is  no  limit  to  the  size  of  the  mirrors  that  could  be  built,  one  fifty  metres 
in  radius  would  intercept  over  10,000  kW  and  at  least  a quarter  of  this  energy'  should  be 
available  for  use. 

The  station  would  be  in  continuous  sunlight  except  for  some  weeks  around  the 
equinoxes,  when  it  would  enter  the  earth’s  shadow  for  a few  minutes  every  day.  Fig.  4 
shows  the  state  of  affairs  during  the  eclipse  period.  For  [308]  this  calculation,  it  is  legiti- 
mate to  consider  the  earth  as  fixed  and  the  sun  as  moving  round  it.  The  station  would  gaze 
the  earth’s  shadow  at  A,  on  the  last  day  in  February.  Every  day,  as  it  made  its  diurnal  rev- 
olution, it  would  cut  more  deeply  into  the  shadow,  undergoing  its  period  of  maximum 
[Figure  4]  eclipse  on  March  21st.  On  that  day  it  would  only  be  in  darkness  for  1 hour 
9 minutes.  From  then  onwards  the  period  of  eclipse  would  shorten,  and  after  April  1 1th 
(B)  the  station  would  be  in  continuous  sunlight  again  until  the  same  thing  happened  six 
months  later  at  the  autumn  equinox,  between  September  12th  and  October  14th.  The 
total  period  of  darkness  would  be  about  two  days  per  year,  and  as  the  longest  period  of 
eclipse  would  be  little  more  than  an  hour  there  should  be  no  difficulty  in  storing  enough 
power  for  an  uninterrupted  service.7 


l igutr  l.  Solar  radiation  would  fx>  rut  off  for  a short  fxriod  rath  day  at  thr  equinoxes. 
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Conclusion 


Br  iefly  summarized,  the  advantages  of  the  space  station  are  as  follows: — 

(1)  It  is  the  only  way  in  which  true  world  coverage  can  he  achieved  for  all  possible 
types  of  service. 

(2)  It  permits  unrestricted  use  of  a hand  at  least  100,000  Mc/s  wide,  and  with  the  use 
of  beams  an  almost  unlimited  number  of  channels  would  be  available. 

(3)  The  power  requirements  are  extremely  small  since  the  efficiency  of  “illumina- 
tion” will  be  almost  100  percent.  Moreover,  the  cost  of  the  power  would  be  very  low. 

(4)  I lowever  great  the  initial  expense,  it  would  only  be  a fraction  of  that  required  for 
the  world  networks  replaced,  and  the  running  costs  would  be  incomparably  less. 


Appendix — Rocket  Design 

I he  development  of  rockets  suf  ficiently  powerful  to  reach  “orbital’'  and  even  “escape” 
velocity  is  not  only  a matter  of  years.  The  following  figures  may  be  of  interest  in  this  con- 
nection. 

The  rocket  has  to  acquire  a final  velocity  of  8 km/sec.  Allowing  2 km/sec.  for  naviga- 
tional corrections  and  air  resistance  loss  (this  is  legitimate  as  all  space-rockets  will  be 
launched  from  very  high  country)  gives  a total  velocity  needed  of  10  km/sec.  The  funda- 
mental equation  of  rocket  motion  is- 


V = v logjt 

w here  V is  the  final  velocity  of  the  rocket,  v the  exhaust  velocity  and  R the  ratio  of  ini- 
tial mass  to  final  mass  (payload  plus  structure).  So  far  vhas  been  about  2-2.5  ktn/sec  for 
liquid  fuel  rockets  but  new  designs  and  fuels  will  permit  of  considerably  higher  figures. 
(Oxy-hydrogen  fuel  has  a theoretical  exhaust  velocity  of  5.2  km/sec  and  more  powerful 
combinations  art*  known.)  If  we  assume  v to  be  3.3  km/sec,  R will  be  20  to  1.  However, 
owing  to  its  finite  acceleration,  the  rocket  loses  velocity  as  a result  of  gravitational  retar- 
dation. If  its  acceleration  (assumed  constant)  is  a metres/ sec. then  the  necessary  ratio 
R^  is  increased  to 

slut 

Rg  = R a 

For  an  automatically  controlled  rocket  a would  he  about  5gand  so  the  necessary  R 
would  be  37  to  1.  Such  ratios  cannot  be  realised  with  a single  rocket  but  can  be  attained 
by  “step-rockets,”- while  very  much  higher  ratios  (up  to  1,000  to  I)  can  be  achieved  by  the 
princ  iple  of  “cellular  construction.”' 

Epilogue — Atomic  Power 

The  advent  of  atomic  power  has  at  one  bound  brought  space  travel  half  a century 
nearer.  It  seems  unlikely  that  we  will  have  to  wait  as  much  as  twenty  years  before  atomic- 
powered  rockets  are  developed,  and  such  rockets  could  reach  even  the  remoter  planets 
with  a fantastically  small  fuel/mass  ratio — only  a few  percent.  The  equations  developed  in 
the*  appendix  still  hold,  but  v will  be  increased  by  a factor  of  about  a thousand. 

In  view  of  these  facts,  it  appears  hardly  worth  while  to  expend  much  effort  on  the 
building  of  long-distance  relay  chains.  Even  the  local  networks  which  will  soon  be  under 
construction  may  have  a working  life  of  only  20-30  years. 
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In  the  1950s,  John  R.  Pierce  and  his  research  team  at  AT&T's  Bell  I laboratories  began  exploring  the 
possibility  of  communicating  via  satellites . This  review  article , his  second  major  one  on  the  subject , 
examines  the  potential  for  using  satellites  in  either  geosynchronous  orbit  or  in  lower  orbits  to  receive  sig- 
nals from  the  Earth  and  retransmit  them  to  another  location.  Similar  to  his  April  1 955  article  for )v\ 
Propulsion,  which  discussed  in  more  technical  terms  some  of  the  initial  concepts  for  different  types  of 
communications  satellites  and  orbital  radio  relays,  this  article  desnibes  some  of  the  “ state  of  the  art" 
experiments  that  he  and  his  team  proposed  to  carry  out  using  the  large  Echo  1 satellite  to  be  orbited  Iry 
NASA  as  a passive  reflector  of  signals  originating  from  the  Earth.  By  1 960 , Bell  Labs  had  decided  that 
the  technical  obstacles  to  a medium-altitude  active  repeater  communications  satellite  could  be  solved , 
and  AT&T  consequently  proposed  the  experimental  Telstar  program  to  the  government. 


(323]  J.  R.  Pierce 

Exotic  Radio  Communications 

[original  set  in  two  columns  of  newspaper  style  text  per  page] 

Pioneering  work  often  seems  exotic  in  its  inception.  Only  a very  few  years  ago,  the 
idea  of  launching  an  artificial  satellite  seemed  exotic,  if  not  scatterbrained.  But  satellites 
have  become  almost  commonplace.  Today’s  exoticism  is  space  flight  by  human  beings, 
and  we  do  not  know  what  tomorrow’s  might  be. 

In  the  early  part  of  this  century,  it  would  have  taken  an  incorrigible  visionary  to  fore- 
see the  present  Bell  System  direct  distance  dialing  network,  undersea  telephone  cables, 
coaxial  cable  systems,  and  transcontinental  microwave  radio-relay  routes.  I hese  all  grew 
out  of  work  which  in  its  inception  seemed  far  from  any  practical  reality.  It  is  an  important 
part  of  Bell  Laboratories  activities  to  look  far  ahead — to  study  possible  future  communi- 
cations services  and  thus  build  a fund  of  knowledge  to  draw'  upon  if  these  services  should 
become  economically  attractive. 

In  this  article  1 shall  deal  primarily  with  some  of  the  pioneering  work  at  Bell 
Laboratories  which  may  someday  be  important  to  the  Bell  System  in  providing  broad- 
band transoceanic  radio  communication.  And  to  introduce  this  subject,  I shall  first  briefly 
review  some  of  our  past  accomplishments.  My  purpose  is  not  merely  to  present  a list  of 
important  radio  research  projects.  Rather,  1 hope  to  illustrate  the  importance  of  good  sci- 
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cntifk'  and  engineering  work  and  to  show  the  value  of  the  Bell  System  pattern  of  careful 
study,  measurement  and  design. 

Radio  itself  seemed  exotic  in  an  earlier  day.  Before  the  founding  of  Bell 
Laboratories  in  1925,  the  A.T.&T.  Co.  and  Western  Electric  contributed  heavily  to  the 
technolog)r  of  radio  broadcasting.  Even  earlier,  in  1915,  A.T.&T.  and  Western  made  use  of 
newly  developed  power  vacuum  tubes  in  demonstrating  radio  communication  between 
Arlington,  Virginia,  and  both  Hawaii  and  Paris.  This  showed  a potentiality  for  transocean- 
ic communication  which  could  not  be  overlooked.  One  result  was  the  first  use  of  radio  for 
commercial  telephone  service,  from  the  mainland  in  California  to  Catalina  Island  in  1920. 
The  work  also  led  directly  to  experiments  in  transatlantic  telephony  as  early  as  1923,  and 
to  the  inauguration  of  commercial  transatlantic  telephone  service  in  1927. 


1 321 1 


Kiri|iu-n<  v in  Kilntiu^itryt  les  IVr  S<»  owl 


Theoretical  atmospheric  noise  (in  degrees  K)  versus  frequency  as  an  ideal  antenna  points  at  various  angles  to  the  horizon.  The 
color  region  indicates  the  expected  range  of  cosmic  noise . 


In  this  early  long-wave  work,  accurate  measurements  of  field  strengths  were  made.  A 
form  of  modulation  was  adopted — in  this  case  the  first  use  on  radio  of  the  single-sideband 
technique' — which  was  best  suited  to  the  nature  of  the  medium  and  the  needs  of  the  system. 

The  value  of  this  type  of  approach  was  again  illustrated  with  short-wave  radio,  put  into 
commercial  service  in  1928.  A tricky  sort  of  communication,  short-wave  propagation 
shows  both  long-term  variations  of  signal  strength  and  rapid  fading.  Careful  measure- 
ments by  Bell  Laboratories  workers  showed  that  such  fading  has  a multipath  nature-  that 
is,  radio  waves  in  bouncing  different  numbers  of  times  between  the  earth  and  the  ionos- 
phere alternately  add  and  subtract  in  the  radio  receiver.  These  measurements  also  showed 
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a rapid  variation  in  the  direction  from  which  signal  components  arrive  at  a receiving 
antenna  and  especially  in  the  vertical  angle  of  arrival. 

Such  extensive  and  accurate  measurements  made  it  clear  that  operating  frequencies 
should  he  changed  from  time  to  time  to  suit  the  condition  of  the  ionosphere.  As  a replace- 
ment for  the  early  narrow-hand  antenna  arrays,  the  simple  rhombic  antenna  invented  at 
Bell  Laboratories  permitted  effective  operation  over  the  required  wider  band  of  frequen- 
cies. In  following  the  more  rapid  variations  in  angle  of  arrival,  the  MUSA  system — an  array 
of  rhombic  antennas  interconnected  with  phase-changing  networks — made  it  possible  for 
a receiver  to  track  the  observed  changes  in  the  vertical  angle  of  arrival  of  the  radio  signal. 

.As  a part  of  the  careful  studies  of  short-wave  phenomena  at  Bell  Laboratories  from 
1929  through  1931,  K.  G.  Jansky  investigated  noise  in  the  short-wave  bands  at  the  Holmdel 
Laboratory.  In  the  course  of  these  studies,  he  detected  radio  noise  of  extra-terrestrial  ori- 
gin— work  which  laid  the  basis  of  radio  astronomy.  In  recognition  of  Mr.  Jansky’s  discov- 
ery, the  laboratory  at  the  new  National  Radio  Observatory  at  Green  Bank,  West  Virginia, 
is  to  be  named  the  Karl  G.  Jansky  Laboratory. 

Besides  this  short-wave  work,  higher  frequencies  were  also  explored,  and  much  fun- 
damental knowledge  was  gained.  This  was  applied  in  providing  a number  of  over-water  cir- 
cuits and  in  mobile  radio.  However,  the  next  large-scale  Bell  System  application  of  radio 
was  found  in  the  field  of  microwaves,  which  have  frequencies  of  thousands  of  megacycles. 
G.  U.  Southworth  started  his  microwave  work  as  early  as  1932,  long  before  any  use  for  such 
frequencies  could  be  assured.  11.  T.  Friis  and  his  associates  took  up  this  work  in  1938. 

Here  again  we  set*  how  early  scientific  and  exploratory  work  led  to  extensive  mea- 
surements and  studies,  and  to  the  development  of  a sound  technical  art.  The  knowledge 
so  gained  was  invaluable  to  radar  during  World  War  II,  and  later  made  possible  the  exper- 
imental New  York-Boston  System  in  1947  and  the  Transcontinental  TD-2  Radio-Relay 
System  in  1951. 

Reliable  Microwave  Service 


As  in  previous  cases,  there  was  a lot  to  learn.  Studies  of  microwave  paths  proved  the 
value  of  using  highly  directive  antennas.  These  studies  set  a pattern  in  the  Bell  System  of 
using  very  good,  narrow-beam  antennas  that  allow  the  use  of  low  power  and  that  minimi/e 
interference.  All  of  this  work  showed  that  microwaves  could  provide  very  reliable  servic  e 
indeed. 

We  now  approach  more  contemporary  developments,  and  it  is  time  to  remind  our- 
selves again  that  it  is  largely  an  illusion  to  think  of  such  past  achievements  as  common- 
place. They  were,  and  certain  aspects  of  them  still  are,  as  challenging  as  anything  we  have 
in  mind  for  the  future. 

Current  thinking  in  radio  communications  [325]  still  emphasizes  the  use  of  higher 
and  higher  frequencies,  but  direction  of  propagation  is  another  important  factor.  Many 
intriguing  problems  and  possibilities  arise  when  we  direct  antennas  toward  the  tropos- 
phere and  the  ionosphere,  and  toward  satellites.  Some  of  these  problems  were  foreshad- 
owed at  Bell  Laboratories  as  early  as  1934  when  A.  M.  Skellett  and  W.  M.  Goodall,  in  their 
studies  of  the  ionosphere,  looked  for  reflections  from  ionized  meteor  trails.  The  fre- 
quencies of  2 to  6 me  [megacycles]  used  in  these  studies  were  too  lowr  to  give  a strong  sig- 
nal, but  statistical  analysis  of  the  data  seemed  to  yield  evidence  for  such  reflections. 

In  other  studies  of  the  ionosphere,  workers  outside  the  Laboratories  proposed  in 
1951  to  use  the  turbulence  of  the  ionosphere  to  achieve  beyond-the-horizon  scatter  prop- 
agation. At  a frequency  of  50  me,  a 77(>-mile  circuit  was  established  between  Cedar  Rapids, 
Iowa,  and  Sterling,  Virginia.  Bell  Laboratories  monitored  these  signals,  and  with  carefully 
designed  antennas  was  able  to  receive  teletypewriter  messages  during  1951  to  1954.  In  the 
course  of  this  work,  very  high  signal  strengths  were  detected  for  very  short  periods.  These 
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observations  indicated  strong  reflections  from  meteor  trails,  a verification  of  Skellett’s  and 
GoodalFs  early  ideas. 

However,  ionospheric  scattering  proved  disappointing  for  long-distance  telephone 
(iicuits.  For  both  turbulence  scatter  and  meteor-trail  scatter,  the  bandwidth  is  too  narrow 
and  transmission  is  too  erratic.  The  more  important  region  for  the  scatter  technique 
proved  to  be  the  lower-altitude  troposphere. 

Kenneth  Bullington  did  the  pioneering  work  in  this  field.  During  1950-1951,  he  col- 
lected data  on  and  tested  what  we  now  know  to  be  tropospheric  scatter  propagation,  over 
paths  200  to  300  miles  long.  He  pointed  out  the  possibilities  of  this  mode  of  transmission 
in  historic  papers  published  in  the  Proceedings  of  the  I.  R.K.  in  1950  and  1953. 

Beginning  in  1955,  further  studies  of  scatter  propagation  were  carried  out  over  a path 
between  a 60-foot  scanning  antenna  at  the  Holmdel  Laboratory  and  a transmitter  on  a 
farm  in  Pharsalia,  New  York,  171  miles  away.  The  effects  of  antenna  si/e,  signal  strength, 
depth  and  speed  of  fading,  and  angles  of  arrival  were  investigated.  These  data  were  com- 
pared with  the-  predictions  of  a theory  worked  out  by  H.  T.  Friis,  A.  B.  Crawford  and  D.  C. 
Hogg.  This  theory  supposes  that  the  scattering  is  caused  by  a large  number  of  randomly 
positioned  but  nearly  horizontal  discontinuities  in  dielectric  constant  in  the  first  few  miles 
above  the  earth’s  surface.  Fhe  measurements  fit  the  theoretical  predictions  very  well  in 
many  respects.  The  knowledge  acquired  in  these  studies  of  tropospheric  scatter  is  now 
widely  used  in  designing  scatter  circuits. 

Scatter  Circuits  in  Operation 

Scatter  circuits  designed  by  Bell  Laboratories  and  installed  by  Western  Electric  are 
currently  in  operation  over  the  DEW  [Defense  Early  Warning]  line  in  the  far  north  and 
over  the  “White  Alice”  system  in  Alaska.  In  addition,  a broad-band  scatter  system  for  com- 
mercial telephone  and  television  service  was  established  between  Florida  City  and  Havana 
in  1957.  This  Florida-Cuba  circuit  handles  36  telephone  channels  and  has  the  capability 
of  handling  120  or  more. 

If  we  now  turn  our  attention  to  the 
problem  of  future  broad-band  radio  trans- 
mission between  North  America  and 
Europe,  scatter  circuits  are  an  obvious  sug- 
gestion. It  might  be  possible,  for  example, 
to  set  up  a series  of  relay  stations  via  [326] 

Greenland,  various  North  Atlantic  islands, 
and  Scotland.  Our  studies  indicate,  howev- 
er, that  this  type  of  communications  would 
be  very  expensive.  Large  antennas  and 
high-power  transmitters  would  have  to  be 
built  and  maintained  at  remote  arctic  loca- 
tions. Further,  the  multipath  nature  of 
scatter  transmission  would  probably  result 
in  a poor  broad-band  circuit  by  television 
standards,  although  several  dozen  tele- 
phone channels  might  be  provided. 

What,  then,  is  another  type  of  possible 
intercontinental  radio  communications? 

As  early  as  1954,  we  considered  the  use  of 
artificial  earth  satellites  as  relays,  and  I 
published  a technical  paper  on  the  sub- 
ject. At  that  time,  however,  problems  of 
launching  such  satellites  were  unexplored.  The  geometry  of  a passive- -reflector  satellite  in  a polar  orbit  at 

an  altitude  of  3,000  miles,  with  terminals  heated  in 
Newfoundland  and  Seat  hind. 
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The  first  Sputnik  in  October  1957  changed  the  picture  radically,  and  we  began  to  look  at 
these  possibilities  much  more  seriously. 

If  satellite  communication  ever  becomes  a reality,  it  will  be  no  exception  to  past  Bell 
System  experience.  That  is,  it  will  necessarily  be  preceded  by  the  established  pattern  of 
meticulous  study  and  experimental  work.  At  the  moment,  we  do  not  have  enough  knowl- 
edge or  experience  to  describe  in  detail  a practicable  system  or  to  state  exactly  how  it 
might  be  used.  We  can  do  little  more  than  speculate1  on  the  various  possibilities. 

One  proposal  is  to  place  satellites  22,400  miles  above  the  equator.  At  this  height,  a 
satellite  would  rotate  in  step  with  the  earth  and  seem  always  to  hang  in  the  same  position 
in  the  sky.  Such  satellites  would  be  “active”  relay  stations— that  is,  they  would  be  equipped 
with  receivers  and  transmitters,  and  probably  with  accurately  pointed  directive  antennas. 
This  is  an  apparently  attractive  proposal,  but  lor  the  present  it  raises  at  least  two  serious 
questions:  the  problems  of  accurate  rocketry  to  launch  and  orient  such  satellites  arc 
indeed  formidable,  and  the  problems  of  equipment  life  in  such  relay  stations  are,  to  put 
it  mildly,  severe. 

A second  proposal  is  to  place  active  satellites  in  orbit  only  a few  thousand  miles  above* 
the  earth.  These  would  not  be  stationary  in  relation  to  the  earth,  but  with  a suf  ficient  num- 
ber of  them,  signals  could  be  relayed  from  each  whenever  it  is  in  a usable  section  of  its 
orbit.  With  this  second  proposal,  rocket  accuracy  is  somewhat  eased,  but  equipment  life  in 
a low-altitude  relay  station  is  as  serious  a question  as  in  the  case  of  the  22,400  mile  satellite. 

With  low-altitude  satellites,  however,  a transmitter  and  receiver  on  the  satellite  are  not 
essential.  Instead,  one  may  put  in  orbit  a group  of  passive  reflectors.  Targe,  high-power 
transmitters  would  then  transmit  to  a satellite  reflector,  and  signals  would  bounce  from  it 
and  thus  reach  a distant  receiver.  The  satellites  would  be  aluminized  plastic  spheres— 
“balloons”  perhaps  100  feet  in  diameter — with  a high  reflectivity  to  microwaves. 

As  an  exercise  to  explore  possibilities  and  problems,  we  have  studied  in  some  detail  a 
theoretical  system  using  passive  satellites  for  transatlantic  broad-band  transmission.  As 
shown  in  the  illustration  [of  the  passive-reflector  satellite],  the  terminals  were  considered 
to  be  in  Newfoundland  and  on  an  island  in  the  Hebrides  off  Scotland.  The  satellites  are 
to  be  imagined  as  traveling  in  polar  orbits. 

Regions  of  Visibility 

On  the  polar  projection  shown  below,  closed  contour  lines  are  drawn  for  various 
heights  of  orbit.  These  define  areas  in  which  a single  satellite  would  be  simultaneously  vis- 
ible to  both  the  Newfoundland  and  Scotland  terminals.  At  a height  of  2, 000-miles,  for 
example,  a satellite  would  be  visible  to  both  terminals  anywhere  within  the  2, 000-mile  con- 
tout,  even  along  the  outer  edges  of  the  area. 

The  first  of  the  accompanying  tables  (see  below)  shows  calculations  relating  to  the  orbit 
1 327]  heights.  The  shortest  and  longest  visibility  times  in  the  second  and  third  horizontal 
rows  are  of  particular  interest.  For  the  1,000-mile  height,  as  an  example,  the  zero  for  short- 
est visibility  time  indicates  that  for  some  passes,  a satellite  would  not  be  visible  at  all  at  both 
of  the  two  terminals.  A 3, 000-mile  satellite,  however,  would  be  visible  at  least  Si  .4  minutes, 
and  as  long  as  55.4  minutes,  for  every  revolution  around  the  earth.  On  the  average  it 
would  be  visible  22  percent  of  the  time.  Thus,  even  with  only  one  satellite,  one  might  gel 
quite  long  stretches  of  broadband  communication. 
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Oval-shaped  areas  define  regions  in  which  polar-orbit  satellites  at  various  heights  would  he  simultaneously  visible  to  both  In 
mi  rials  at  Mnofoundfand  and  Scotland.  The  usable  areas  would  be  somewhat  smaller,  lanoner,  since  transmission  is  difficult 
when  fthej  satellite  is  near  the  horizon. 


Visibility  Times  at  Various  Heights  of  Orbit 


Height  < 

>f  Satellite  Above 

Surface  of  Earth  in 

Miles 

500 

1000 

1500 

2000 

2500 

3000 

Time  of  one 

revolution 

(minutes) 

100.4 

118.0 

136.6 

155.0 

175.2 

195.2 

Shortest 

visibility 

(minutes) 

0 

0 

8.0 

12.5 

23.8 

31.4 

Longest 

visibility 

(minutes) 

14.7 

20.0 

29.6 

36.6 

46.2 

55.4 

Average 

visibility 

(percent) 

3.5 

6.9 

12.9 

17.7 

19.6 

22.0 

Assumptions:  Terminals  in  Newfoundland  and  Hebrides;  polar  orbits;  refraction  effects 
ignored;  and  visibility  from  hori/on  to  horizon. 
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This  view  is  somewhat  optimistic,  however,  since  we  have  so  far  ignored  three  sources 
of  noise  that  could  restrict  the  range  of  this  type  of  communications:  (1)  The  noise  added 
by  the  receiving  amplifier,  (2)  Cosmic  noise,  and  (3)  Atmospheric  noise.  Fortunately,  the 
maser  (RECORD,  July,  1958)  provides  us  with  a microwave  receiver  that  adds  practically 
no  noise  to  the  received  signal.  Thus  we  can  largely  neglect  the  first  of  these  three  noise 
sources. 

Another  illustration  [the  graph  at  the  beginning  of  this  document  J gives  some  perti- 
nent data  on  the  other  two  sources.  In  this  graph,  noise  is  described  in  terms  of  absolute 
temperature,  ranging  upward  from  1°  Kelvin  on  the  ordinate,  as  related  to  frequency  on 
the  abscissa.  The  color  region  describes  the  range  of  the  cosmic  noise  discovered  by 
Jansky,  and  as  we  see  from  the  graph,  it  becomes  negligible  at  the  higher  frequencies. 

The  third  source — atmospheric  noise — is  a more  serious  limitation.  Even  cold  air  at 
high  altitudes  is  hot  compared  to  absolute  zero,  so  it  radiates  electromagnetic  noise  just 
as  hot  iron  radiates  light  and  heat.  The  radiation  is  small  because  the  atmosphere  is 
almost  transparent.  To  evaluate  the  noise,  we  must  consider  how  transparent  the  atmos- 
phere is  at  a given  frequency  and  also  how  much  atmosphere  an  antenna  “sees”  as  it  fol- 
lows a satellite. 

In  the  graph,  the  bottom  curve  labeled  90  degrees  illustrates  that  an  antenna  point- 
ed straight  up  sees  a minimum  of  atmosphere  and  therefore  receives  a minimum  of 
atmospheric  noise.  From  about  2 to  10  kilomegacycles  this  noise  is  fairly  constant  and  cor- 
responds to  only  about  2.5“  K.  As  the  antenna  is  rotated  farther  and  farther  toward  the 
horizon,  however,  it  must  look  through  more  and  more  atmosphere  and  receive  corre- 
spondingly more  noise.  The  zero  curve  at  the  top  is  the  case  where  the  antenna  points 
horizontally;  here  it  sees  a very  long  atmospheric  path,  and  the  noise  actually  approaches 
the  assumed  atmospheric  temperature  (290"  K)  at  very  short  wavelengths  for  which  air  is 
not  very  transparent  to  microwaves. 

[328]  Note,  however,  that  the  curves  for  the  various  angles  are  displaced  downward 
toward  the  lower  noise  values  as  the  angle  above  the  horizon  is  increased.  Even  as  close  as 
10  degrees  above  the  horizon,  an  antenna  will  see  only  about  13“  K of  atmospheric  noise. 
These  curves  make  us  feel  that  we  can  realize  the  advantages  of  the  maser  if  we  use  signals 
from  a satellite  reflector  only  when  it  is  7 degrees  or  more  above  the  horizon.  This  limi- 
tation in  effect  contracts  the  contour  areas  in  the  polar-projection  map,  which  were  drawn 
with  the  assumption  that  signals  would  be  received  right  down  to  the  horizon. 

Mow  serious  is  this  limitation?  Suppose  we  consider  satellites  3,000  miles  high  and  use 
them  only  when  they  are  at  least  7 degrees  above  the  horizon.  Average  visibility  per  rota- 
tion will  thus  be  less  than  the  22  percent  listed  in  the  first  table,  but  if  we  put  more  and 
more  satellites  up,  the  result  is  an  increase  in  the  percentage  of  time  that  at  least  one  satel- 
lite is  visible.  For  24  satellites,  at  least  one  satellite  would  be  available  to  both 
Newfoundland  and  Scotland  lor  99  percent  of  the  time.  The  interruptions  would  occur  at 
predictable  intervals,  and  would  therefore  be  less  serious  than  if  they  were  random  in 
time.  The  second  table  (see  below)  lists  some  other  possibilities  for  different  minimum 
angles  and  percentages  of  service  interruptions. 


Exploring  tin  Unknown 


29 


Number  of  Randomly  Spaced  Satellites  Needed  for  Various 
Minimum  Elevation  Angles  and  Percentages  of  Interruption 

Minimum  Elevation  Percentage  of  Interruption 


in  Degrees 

10% 

5% 

1% 

0 

9 

12 

19 

3.25 

11 

14 

21 

7.25 

12 

15 

24 

12.60 

17 

22 
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Assumptions;  Terminals  in  Newfoundland  and  Hebrides;  Polar  Orbits  at  3000-mile  height 


The  next  obvious  question  is  whether  transmitters  and  antennas  are  available  for  such 
communication.  Assuming  an  operating  frequency  of  2 kilomegacycles,  a 40  db  [decibel] 
signal-to-noise  ratio,  and  100-foot  spherical  reflectors  at  3,000  miles,  we  have  calculated 
that  we  would  need  antennas  150  feet  in  diameter  and  transmitter  power  of  100  kilowatts. 
Antennas  of  this  si/e  have  been  used,  and  the  required  power  could  be  obtained  by  par- 
alleling ten  commercially  available  tubes.  At  present,  however,  we  cannot  be  sure  that  the 
required  type  of  satellite  reflector  would  withstand  the  conditions  of  space  and  maintain 
its  shape  in  orbit. 

Need  for  Knowledge 

At  this  stage  the  reader  may  feel  that  this  is  exoticism  with  a vengeance.  We  have  per- 
haps raised  more  questions  than  those  we  have  tried  to  answer.  Aside  from  the  problem 
of  costs,  which  can  hardly  be  handled  definitively  at  this  early  date,  the  technical  problems 
are  extensive.  But  herein  lies  the  point  of  this  discussion — we  need  more  fundamental 
knowledge  of  the  possibilities  before  we  can  begin  to  think  realistically  of  actual  systems. 
And  the  only  way  we  know  of  to  get  ibis  knowledge  is  to  continue  our  traditions  of  care- 
ful search,  study  of  the  problems,  and  measurement. 

On  March  19,  T.  Keith  Glennan,  Administrator  of  the  National  Aeronautics  and  Space 
Administration  (NASA),  announced  plans  to  launch  several  satellite  spheres  next  year. 
These  experimental  spheres,  fabricated  from  an  aluminized  plastic,  are  to  be  100  feet  in 
diameter.  The  announcement  also  mentioned  the  plan  to  establish  communications 
between  an  85-foot  tracking  antenna  at  Goldstone,  California,  and  communications  facil- 
ities on  the  East  Coast,  including  [329]  Bell  Laboratories  equipment  at  Holmdel.  The 
Goldstone  antenna  is  operated  by  the  Jet  Propulsion  Laboratory  of  Pasadena,  California, 
which  is  owned  by  NASA  and  operated  under  contract  to  the  NASA  by  the  California 
Institute  of  Technology. 
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Plastic  sphere,  100  feet  in  diameter,  of  I the  I type  to  he  used  in  satellite  transmission  experiments.  In  orbit,  thin  plastic  with  alu- 
minized surface  will  reflect  microwaves. 


In  connection  with  this  type  of  work,  then,  what  are  some  of  the  specific  problems  on 
which  we  have  worked,  and  what  are  some  of  the  problems  concerning  which  we  need 
additional  knowledge*? 

While  we*  have  a very  good  maser  in  the  0,000  me  range,  there  is  still  some  room  for 
improvement,  and  we  need  masers  for  other  frequencies.  A related  problem  is  that  some 
types  of  antennas  tend  to  pick  up  noise  from  all  directions,  so  we  are  adapting  the  horn- 
reflector  type  antenna,  which  does  not  have  this  defect.  With  such  equipment,  we  have 
already  made  measurements  of  sky  temperatures  which  chec  k the  theoretical  curves 
shown  on  page  324.  We  believe  that  these  antennas  may  also  have  many  uses  in  radio 
astronomy. 

We  have  made  some  studies  of  the  ef  fect  of  ultraviolet  light  on  the  properties  of  alu- 
minized Mylar,  and  for  this  material  we  have  investigated  absorption  at  various  wave- 
lengths to  tell  us  the  temperature  a satellite  might  attain  in  space*. 

Other  obvious  fields  for  additional  work  are  those  of  propagation  measurements, 
guidance,  and  the  many  components  besides  masers  and  antennas  that  must  go  into  any 
experimental  system.  A very  important  need  is  highly  reliable  components  for  experi- 
ments with  active  satellite  repeaters.  We  have  inaugurated  work  on  such  components. 

This  need  for  further  study  should  emphasize  that  today  we  have  no  proven  answers 
to  the  problem  of  ’overseas  broad-band  radio  communications.  If  we  ever  turn  on  our  tele- 
vision sets  and  view  a European  event  beamed  by  radio  across  the*  Atlantic,  it  may  come  to 
us  over  a system  no  one  has  even  thought  of  yet.  But  in  the*  me  antime,  to  assure*  the*  pos- 
sibility wc*  must  continue*  to  pursue  a vigorous  and  ef  fec  tive*  re*se*are  h program. 
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Document  1-4 

Document  Title:  Memorandum  from  S.G.  Lutz  to  A.V.  Haeff,  “Commercial  Satellite 
Communication  Project;  Preliminary  Report  of  Study  Task  Force,”  October  22,  1959. 

Source:  Hughes  Space  and  Communications  Company,  Los  Angeles,  California  (used  with 
permission). 

Ry  /959,  work  on  communications  satellite  research  and  dmelopmeni  was  going  an  in  several  indus- 
trial firms  besides  Hell  Laboratories.  The  Department  of  Defense  had  taken  the  lead  in  sponsoring 
research  on  active  repeater  satellites,  while  NASA  concentrated  its  initial  efforts  on  passive  reflectors. 
In  particular,  the  Department  of  Defense  was  supporting  research  on  a complex  satellite  project  called 
Advent , which  intended  to  develop  a satellite  for  use  in  geosynchronous  orbit.  An  engineering  team  at 
Hughes  Aim  a ft  in  mid- 1959,  led  by  Harold  Rosen,  devised  a proposal  for  a much  simpler  geosyn- 
chronous satellite  and  asked  the  company  to  support  its  development.  This  memorandum  reports  to 
Hughes  vice  president  for  research,  A.  V Haeff  the  conclusions  of  an  internal  task  force  set  up  to 
assess  the  proposal  of  Rosen  and  his  team,  which  also  included  Donald  Williams  and  Thomas 
Hudspeth.  ( The  appendices  referred  to  in  this  memo  are  not  included.)  Over  the  following  months, 
Hughes  managers  debated  whether  to  pnnnde  support  for  the  proposal  from  company  funds  or  to  seek  gav- 
emment  suff tori  for  the  project.  Enough  corporate  funds  were  made  available  to  ketfi  the  project  going, 
but  it  was  not  until  AT SA  contracted  with  Hughes  to  develop  and  demonstrate  what  became  known  as 
Syncom  that  the  project  became  the  foundation  for  the  many  geosynchronous  satellites  to  follow. 


Hughes  Aircraft  Company 
I n terdepartmen  tal  Correspondence 

To:  A.  V.  Haeff  cc:  See  Distribution  Date:  22  Oc  tober  1959 

Subject:  Commercial  Satellite  Communication  Project;  From:  S.  G.  Lutz 

Preliminary  Report  of  Study  Task  Force 

1.  It  is  tlie  unanimous  opinion  of  the  Task  Force  working  members*  that  the  satel- 
lite communication  system  proposed  by  Dr.  H.  A.  Rosen  is  technically  feasible,  is  possible 
of  realization  within  close  to  the  estimated  price  and  schedule,  has  great  potential  eco- 
nomic attractiveness  and  should  not  encounter  too  serious  legal  or  political  obstacles. 

2.  The  Task  Force  has,  of  necessity,  concentrated  on  technical  aspects  of  the  pro- 
gram and  has  not  been  able  to  make  an  adequate  market  survey.  The  phraseology,  “great 
potential  economic  attractiveness! , I ” is  justified  by  the  following: 

a.  A rapidly  increasing  demand  for  new  long-distance  communication  facilities 
is  being  created  by:  (1)  Population  increase,  (2)  Shrinkage  of  travel  time  via 
commercial  jet  aircraft,  (3)  Increasing  foreign  industrialization  and  interna- 
tional commerce,  (4)  Increasing  military  communication  loads,  and  (5) 
forthcoming  decrease  in  HF  [high-frequency]  communication  capability 
because  of  the  declining  sunspot  cycle.  Rather  than  being  able  to  open  more 
I IF  radio  circuits  to  carry  the  increasing  traffic,  new  circuits  (cable,  scatter  or 
satellite)  will  be  needed  to  pick  up  perhaps  a third  of  the  traffic  now  carried 
by  I IF  circuits. 


I <isk  Hirer  working  im*iiil>ers  air:  I\.  1).  telkrl,  S.  ( ».  I ait/,  I ).  1,.  Miller,  It,  A.  Rosrn  amt  J.  II.  Strirhr  I. 
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b.  Tilt*  Bell  System,  which  formerly  depended  on  radio  for  intercontinental 
phone  circuits,  has  been  investing  heavily  and  profitably  in  long  submarine 
cables;  four  in  the  past  few  years.  The  first  trans-Atlantic  phone  cable  provid- 
ed thirty-six  circuits  (about  140  kc  [kilocycle]  bandwidth),  cost  about 
$30,000, 000.00,  and  reportedly  paid  out  in  its  first  two  years.  A second  trans- 
Atlantic  cable  soon  will  be  placed  in  service  at  a reported  cost  of 
$40,000,000.00,  presumably  for  a similar  number  of  circuits.  Tropospheric 
scatter  radio  chains  are  comparable  in  cost  and  are  geographically  con- 
strained. 

c.  Comparing  the  proposed  satellite  system  ($5,000,000,00  for  4500  kc  band- 
width) with  submarine  cable,  it  could  tarry  up  to  thirty  times  as  much  traffic 
at  one-sixth  the  investment! 

[2]  3.  Converting  “potential”  into  “actual”  economic  attractiveness  will  depend  on 
acquiring  communication  traffic,  most  probably  via  cooperative  agreement  with  one  or 
more  communication  common  carriers.  General  Telephone  may  be  the  best  prospect 
(certainly  a better  one  than  the  complacent  Bell  System)  because  it  is  trying  to  gain 
stature  despite  Bell's  long-distance  monopoly.  The  proposed  satellite  system  could  bypass 
Bell  land-lines  in  linking  General's  east-coast  and  west-coast  systems,  in  addition  to  giving 
it  non-Bell  circuits  to  Europe  and  other  continents.  General  Telephone  also  could  nego- 
tiate more  efficiently  with  the  communication  services  of  other  countries  and  even  other 
domestic  companies  (Western  Union,  etc.)  than  [Hughes  Aircraft]  could;  not  being  a 
common  carrier.  I bis  and  related  market  survey  problems  seemed  too  sensitive  to  be 
explored  adequately  by  the  engineers  of  this  task  force,  even  if  time  and  suitable  contracts 
had  been  available.  General  Telephone  need  not  be  the  only  potential  partner,  of  course, 
for  even  a smaller  common  carrier  might  supply  enough  traffic  to  get  started.  As  few  as 
six  circuits  (30  kc  out  of  the  available  4500  kc)  to  Europe  should  justify  a five-million-dol- 
lar  investment  in  proportion  to  submarine  telephone  cables. 

4.  ...  (15  October  [Interdepartmental  Correspondence]  from  Lutz  to  Hacff, 
jet  reins)  lists  three  questions  which  define  the  scope  of  the  market  survey  believed  to  be 
desirable.  To  this  list  should  be  added  a study  of  the  relative  costs  and  outage  times  for 
splicing  a broken  cable  vs  replacing  a dead  satellite  repeater.  As  a preliminary  estimate, 
keeping  a launching  in  readiness  on  Jarvis  Island  should  be  less  expensive  than  keeping 
a cable  ship  in  readiness  and  a new  satellite  could  be  put  up  in  hours,  instead  of  the  weeks 
required  to  locate  and  repair  a cable-break. 

5.  Technical  aspects  of  the  proposed  program  have  been  evaluated  in  more  detail, 
and  with  higher  confidence  in  the  conclusions,  than  was  possible  with  the  proceeding 
[sic]  economic  aspects.  The  crux  of  the  technical  attractiveness  of  this  program  (and  an 
important  economic  consideration  as  well)  lies  in  quick-reaction  capability  at  low  cost.  By 
being  able  to  keep  the  weight  of  a simple  broad-band  repeater  payload  below  25  lbs,  it  can 
be  put  in  stationary  orbit  by  an  inexpensive  (one-third  million  dollars)  solid-fuel  Scout 
booster.  Everyone  else  (NASA,  RCA,  Space  Electronics,  Signal  Corps)  has  viewed  a sta- 
tionary orbit  repeater  as  a more  sophisticated,  hence  heavier  device,  with  attitude  control 
to  use  high  gain  antenna  beams  on  the  satellite.  More  payload  weight  requires  a larger 
Uquid-Uw led  rocket  and  severe  logistic  problems  in  transporting  or  making  liquid  oxygen 
for  an  equatorial  launch.  The  alternative  of  launching  from  the  U.S.  and  "dog-legging” 
into  an  equatorial  orbit  increases  guidance  problems  and  requires  Saturn  thrusts.  Thus, 
NASA  and  others  consider  the  stationary  orbit  communications  repeater  as  a high-cost 
program  for  1965-70.  This  Task  Force  has  convinced  itself  of  the  feasibility  of  puttin  [ sic  | 
25  lbs,  or  possibly  30  lbs,  into  a useful  quasi-stationary  orbit  with  a Scout  booster,  of  achiev- 
ing a 4500  kc  bandwidth  repeater  within  this  weight  and  of  doing  this  within  a year  of  the 
date  that  full  funding  is  provided. 
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().  How  can  Hughes  expect  to  do  so  much  better  than  others?  The  answer  does  not 
lie  in  any  startling  but  questionable  innovations,  inventions  or  break-throughs.  Rather,  the 
answer  lies  chiefly  in  application  of  the  Hughes  brand  of  System  Engineering,  plus  exploit- 
ing Hughes  competence  in  low-noise  reception  and  traveling-wave-tube  development. 
The  starting  point  was  to  assume  a quasi-stationary  orbit  (satellites  held  within  about 
5"  angular  limits  of  desired  point  on  the  stationary  orbit),  to  be  put  there  by  a Scout  boost- 
er. The  limited  payload  weight  to  SO  lbs  on  the  basis  of ‘Chan ce-Vo tight  performance  pre- 
dictions, or  to  25  lbs  on  derating  the  predicted  velocity  by  800  fps.  This  obviously  limits 
the  satellite  transmitting  power,  energized  from  solar  cells,  to  a watt  or  so.  [3] 
Transmission  at  or  near  2 kmc  (the  accepted  optimum  frequency  for  space  communica- 
tion) favors  high  antenna  gain  and  use  of  traveling-wave-tubes.  The  nearest  to  a break- 
through was  the  assurance  by  Dr.  J.  T.  Mandel  of  the  feasibility  of  developing  a 2.5  watt 
periodic  PM  focused  2 kmc  high  efficiency  traveling-wave-tube  of  one  pound,  including 
its  INDOX  VI  focusing  magnets.  The  low  satellite  power  is  handled  at  the  earth  terminals 
by  low  noise  (cooled  maser  or  parametric)  reception  and  very  high  an  ten  n [sic]  gain 
(58  db).  In  achieving  the  latter  at  reasonable  costs,  the  quasi-stationary  position  of  the 
satellite  avoids  the  need  for  full  azimuth  and  elevation  control  which  has  been  made  even 
80  ft  steerable  parabolas  so  expensive.  At  similar  cost,  the  beam  from  a 150  ft  truncated 
parabola  can  be  steered  through  a +5“  range.  Thus,  the  burden  is  put  on  the  earth- 
terminals,  where  it  belongs.  The  satellite  antenna  design  is  a compromise  between  using 
an  omni-directional  antenna  for  maximum  simplicity  and  using  a 17°  beam  for  maximum 
gain.  While  either  of  these  extremes  could  be  fatal,  the  compromise  of  a spin-stabilized 
doughnut  pattern  provides  6 to  9 dbgain,  with  simplicity.  Finally,  with  adequate  design  for 
a 14  db  S/N  ratio,  the  addition  of  frequency  modulation  raises  the  S/N  ration  to  a com- 
mercial 32  db. 

7.  Because  of  the  importance  of  assessing  feasibility  of  staying  within  the  weight 
capability  of  the  Scout  booster,  Ed  Felkel  was  named  to  the  Task  Force  to  analyze  the 
weight  of  the  payload  package.  His  report  (attached  in  Appendix  B)  shows  confidence  of 
keeping  it  safely  within  weight. 

8.  Putting  the  satellite  in  orbit  and  keeping  it  in  position  entails  a sequence  of  indi- 
vidually-practicable  operations  within  today’s  state  of  the  art.  Cumulatively,  however,  the 
multiplicity  of  stages  plus  operations  of  velocity  adjustment,  de-spinning,  re-spinning  and 
incremental  orbit  adjustment  present  a currently-indeterminable  hazard  to  the  success  of 
any  one  firing.  It  is  believed  that  a combination  of  (a)  careful  and  conservative  engineer- 
ing with  step-by-step  pre-testing,  (b)  adequate  training  on  analog  simulators,  (c)  study  of 
any  troubles  in  earlier  NASA  Scout  firings,  and  (d)  adequate  determination  of  the  cause 
of  any  initial  Hughes  failure,  will  result  in  adequate  probability  of  success  within  the  pro- 
grammed three  tries.  Admittedly,  there  can  never  be  certainty  of  success  in  only  three 
attempts.  However,  a fourth  or  subsequent  firings  should  not  increase  the  program  cost 
proportionately. 

9.  As  might  be  expected,  the  Task  Force  study  has  resulted  in  significant  system 
improvements,  by  Dr.  Rosen  as  well  as  by  Task  Force  members  and  others.  For  example, 
the  payload  configuration  has  been  broadened  to  improve  spin-stability  and  has  been  stiff- 
ened by  a central  column.  More  important,  perhaps,  has  been  the  swing  away  from  design 
primarily  for  television  relaying,  with  additional  narrower  i-f  channels  for  other  commu- 
nication services,  toward  the  simpler  and  more  flexible  and  potentially  rewarding 
approach  of  coordinated  use  of  a broad-band  single-channel  repeater  simultaneously  by 
several  earth-terminals.  This  mode  of  operation  requires  that  earth-terminals  equalize 
their  transmitting  powers  by  monitoring  the  spectrum  from  the  satellite,  rather  than 
depending  on  AGC  of  separate  i-f  channels  in  the  satellite  to  prevent  a too-strong  earth- 
signal  from  weakening  other  retransmissions.  Also,  this  mode  of  operation  provides  flexi- 
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hility  of  bandwidth  reapportionment  between  earth-terminals  in  accordance  with  shifting 
relative  traffic  loads.  In  short,  this  approach  overcomes  the  “two  at  a time”  limitation  of 
most  prior  proposals  and  thus  approached  more  closely  the  eventual  many-user 
“exchange  in  orbit”  concept.  Furthermore,  it  accomplishes  this  without  sacrificing  televi- 
sion capability,  requiring  only  that  other  traffic  be  limited  during  a television  program  and 
be  kept  out  of  the  television  band. 

[4]  10.  Determination  and  resolution  of  possible  legal  and  political  problems  and  gov- 
ernmental restrictions  obviously  is  beyond  the  scope  ol  this  Task  Force.  A few  of  the  pos- 
sible problems  will  be  mentioned.  The  usual  difficulties  with  the  Federal  Communications 
Commission  can  be  expected  in  obtaining  a license  for  a new  type  radio  service  for  fre- 
quencies have  not  yet  been  allocated.  Similar,  or  worse,  difficulties  can  be  expected  with 
the  corresponding  regulatory  bodies  of  other  nations  where  earth-terminals  are  located. 
Characteristically,  the  FCC  makes  no  precedent-setting  decisions  without  holding  indus- 
try-wide hearings  and  these  could  be  competitively  detrimental.  Furthermore,  the  State 
Department  might  become  involved  because  of  the  international  nature  of  this  venture. 
Next,  some  governmental  agency  probably  has  control  of  Jarvis  Island  and  would  insist  on 
approving  its  use.  Finally,  NASA  probably  would  have  to  sanction  the  commercial  sale  and 
use  of  Scout  boosters  and  could  impose  other  controls  on  the  program,  such  as  requiring 
provision  for  removing  dead  repeaters  from  orbit,  or  provision  for  disabling  their  elec- 
tronics in  event  that  the  project  is  abandoned  with  repeaters  still  in  orbit.  As  a ray  of  sun- 
shine, NASA’s  mission  is  non-military  space  technology.  They  have  expressed 
encouragement  toward  commercial  projects  which  would  not  require  NASA  funds.  If 
NASA  becomes  “sold”  on  the  proposed  project,  they  might  provide  inestimable  assistance 
in  surmounting  the  other  governmental  obstacles.  One  recognizes  that  exploration  by  a 
Hughes  representative  of  the  above  governmental  restrictions  could  readily  “leak”  to  com- 
petitors, or  even  to  the  press,  and  be  highly  detrimental.  This  danger  can  be  avoided,  it  is 
believed,  by  retaining  a consultant  to  make  this  preliminary  investigation  without  disclos- 
ing his  client  or  the  details  of  the  project. 

1 1 . The  impact  of  the  proposed  program  on  the  military  services  could  be  both  good 
and  bad.  it  would  be  conclusive  proof  of  Hughes’  competence  to  execute  a major  space 
program  and  in  Hughes’  confidence  and  initiative  in  undertaking  it  without  governmen- 
tal funds.  Thus,  it  should  put  us  in  better  competitive  position  for  managing  future  gov- 
ernmental space  projects.  It  could  have  a bad  impact,  however,  in  “showing  up”  the 
inefficiency  of  military  satellite  programs. 

12.  It  is  known  that  Bell,  RCA  and  probably  other  large  companies  recognize  the 
potential  attractions  of  satellite  communication  and  probably  have  program  plans.  It  is 
reasonable  to  assume  that  Bell  would  plan  to  invest  several  times  the  cost  of  the  trans- 
Atlantic  cable  in  a big  stationary  orbit  project,  timed  to  the  availability  of  big  boosters,  five 
or  ten  years  hence.  Pressure  for  additional  international  circuits  may  lead  them  to 
re-examine  the  feasibility  of  moving  faster  by  using  a smaller  booster  and  lighter  payload, 
much  as  we  propose.  Certainly  they  could  be  expected  to  do  this  if  they  learned  that  their 
chief  competitor,  General  Telephone,  planned  such  a program  in  cooperation  with 
Hughes.  Most  of  the  prestige  value  and  a portion  of  the  economic  value  would  be  sacri- 
ficed if  our  communication  satellite  were  not  the  first.  This  indicates  the  need  for  a quick 
decision  and  a fast  program  under  tight  security. 


* * * * * sfc 
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RECOMMENDATIONS 

I.  Ii  another  company  gets  into  orbit  first,  much  of  the  publicity  and  prestige  value 
will  be  lost  and  we  would  have  to  compete  for  traf  fic.  Furthermore,  this  must  be  a low-cost 
program  and  delays  inc  rease  costs.  Consequently,  the  program  should  be*  planned  to  start 
development  now.  The  expensive  commitments  (for  rockets,  ground  installations,  etc.) 
can  be*  deferred  for  a few  months  without  delaying  the  launching  date*. 

[5 1 II.  Fund  the  t ravel ing-wave-tubc  development  separately  as  a commercial  product.  A 
one-pound  tube  of  this  capability  should  find  application  in  Signal  Corps  portable 
microwave  relay  repealers,  possibly  in  field  television  transmitters,  as  well  as  in  other  pro- 
grams. A quarter-million  for  its  development  seems  a normally  good  product  develop- 
ment r isk.  This  tube  is  the  heart  of  the  proposed  satellite  electronic  system  and  will  be*  its 
longest  lead-time  component. 

III.  Fund  the*  remainder  of  the  payload  development  and  earth-terminal  (antenna 
and  low-noise  receiver),  in  an  amount  of  about  $850,000.00.  Also,  take  an  option  three 
Scout  boosters,  plus  necessary  real-estate,  etc.  If  this  is  too  large  a commitment  in  advance 
of  completion  of  the  comprehensive  market  survey  and  negotiations  with  potential  cus- 
tomers, fund  a sufficient  fraction  to  carry  the  development  program  this  long.  Delaying 
the*  start  of  development  would  delay  completion  of  the  program  correspondingly, 

IV.  Explore  with  General  Telephone  Company,  at  top  management  level,  their  inter- 
est in  a non-Bell  long-distance  and  overseas  capability  and  their  willingness  to  cooperate 
as  the*  common  carrier  in  the*  proposed  program.  Avoid  disclosing  details  which  might 
permit  General's  electronic  subsidiary,  Sylvania,  to  attempt  to  replace  us.  Reach  a work- 
ing agreement  which  will  permit  prompt  working-level  discussions  of  General’s  coopera- 
tion in  the*  program.  If  negotiations  with  General  fail,  try  the  next  best  company. 

V.  A task  force,  or  project  team,  consisting  of  key  personnel  loaned  as  required  from 
several  organizations — Communications  Division,  Research  Laboratories,  Systems 
Development  Laboratories — should  be  set  up  to  carry  out  the  program. 

Document  1-5 

Document  title:  H.A.  Rosen  and  D.D.  Williams,  Commercial  Communications  Satellite , 
Report  RDL/B-I,  Engineering  Division,  Hughes  Aircraft  Company,  January  1960. 

Source:  Hughes  Space  and  Communications  Company,  Los  Angeles,  California  (used  with 
permission). 

By  the  md  of  1959 , Harold  A.  Rosen  and  his  team  had  reworked  their  initial  mid- 195 9 design  for  a 
geosynchronous  communications  satellite  into  a form  that  was  very  close  to  lohat  was  actually  first 
launched  as  Syncom  1 in  1963.  This  report  describes  that  design;  only  relevant  excerpts  appear  here. 
The  report  anticipated  a NASA  program  for  communications  satellite  research  and  development  that 
might  provide  a source  of  funding  to  Hughes  for  developing  the  satellite;  however;  X\  S/\  first  chose  to 
support  a lower  orbit  satellite  proposed  fry  RCA  called  Relay.  During  discussions  with  XA  SA  in  I960 , 
the  space  agency  suggested  to  Hughes  the  use  of  a larger  Thor  Delta  booster  rather  than  the  Scout  boost- 
er specified  in  this  report.  This  would  allow  the  satellite  to  he  launched  from  Cape  Canaveral  in 
Florida  rather  than  the  jar  vis  Island  launch  site  discussed  in  the  report. 
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Commercial  Communications  Satellite 

[ 1 ] 1 . INTRODUCTION  - PROGRAM  (>B|K(  TIVES 

This  document  describes  an  inexpensive  communication  satellite  system  for  inter- 
continental transmission  of  television,  telephonic,  and  teletype  messages  on  a commercial 
basis. 

The  system  proposed  uses  an  active  repeater  in  a satellite  having  a circular  orbit  in  the 
plane  of  the  earth’s  equator  with  a period  of  24  hours.  Such  a satellite  is  generally  recog- 
nized as  the  ultimate  communication  satellite  because  it  remains  stationary  to  the  earth. 

The  NASA  has  a program  which  is  expected  to  lead  eventually  to  such  a satellite.  The 
schedule  for  the  program  is  not  firm,  but  NASA  testimony  to  Congress*  indicates  that  the 
goal  is  four  to  five  years  away.  This  conclusion  is  reached  from  the  technical  specifications 
that  NASA  has  until  now  believed  are  necessary,  involving  heavy  (800  to  3000  pounds), 
complex  payloads  with  two  to  three  years’  life  as  an  objective.  As  a more  immediate  pro- 
gram, NASA  will  put  a number  of  100-foot  diameter  passive  balloon  reflectors  into  orbit 
during  this  year.  These  balloons  will  be  tracked  by  several  organizations,  and  will  provide 
valuable  scientific  information.  However,  such  reflectors  are  not  of  any  real  commercial 
value  because  [of]  large  amounts  of  power  per  unit  bandwidth  and  immense  tracking 
antennas  required  to  give  even  the  intermittent  coverage  afforded  by  low-altitude  orbits. 

There  are  several  military  communication  satellite  programs  now  under  way.  None  of 
these  conflict  with  the  commercial  program  proposed  here;  the  military  programs  use 
high  power  active  repeaters  in  low-altitude  orbits  in  order  to  avoid  any  requirements  for 
large  antennas  at  the  terminals. 

The  presently  proposed  commercial  system  can  be  put  into  operation  within  one  year. 
This  radical  improvement  in  schedule  is  achieved  primarily  through  the  design  of  a very 
light  (25  pound)  satellite  repeater,  a design  based  on  realistic  objectives  for  satisfactory 
commercial  [2]  application.  The  light  payload  required  with  the  present  concept  permits 
use  of  an  inexpensive  solid-propellant  booster,  the  Scout.  This  results  in  a program  cost  of 
5 million  dollars. 

The  advantages  of  such  a program  would  be  severalfold.  Financially,  it  is  believed  that 
the  initial  development,  terminal  installations,  and  launching  costs  could  be  recovered  in 
a fraction  of  the  first  year’s  operation.  It  is  expected  that  the  useful  life  of  a repeater  will 
be  about  one  year,  and  that  the  cost  of  replacing  the  repeater  in  orbit  will  be  about 
0.5  million  dollars. 

The  suggested  communication  system  is  capable  of  large  growth.  The  first  repeater 
will  cover  most  of  the  continental  United  States,  all  of  Europe,  all  of  South  America,  and 
much  of  Africa.  An  additional  repeater  would  cover  Hawaii,  Australia,  Japan,  and  other 
parts  of  the  Orient.  In  addition  to  extension  of  geographic  coverage,  the  existence  of  the 
communication  link  will  result  in  an  increase  in  foreign  business  which  in  turn  will  result 
in  greater  use  of  the  facility.  Extrapolation  of  recent  trends  in  overseas  messages  shows 
that  the  present  cable  capacity  between  the  U.S.  and  Europe  will  be  exceeded  within  the 
next  two  years.  Since  the  proposed  facility  is  much  less  expensive  than  a cable,  it  is  logical 
to  expect  this  overflow  to  be  handled  by  the  proposed  facility. 

In  addition  to  its  commercial  value,  the  proposed  communication  satellite  should 
contribute  greatly  to  national  prestige  and  friendly  foreign  relations. 


* “Hearings  before  the  NASA  Authorization  Subcommittee  of  the  Committee  on  Aeronautical  and  Spat  e 
Sciences,  United  States  Senate,”  U.S.  Government  Printing  Office,  1959. 
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[3|  2.  SUMMARY  OK  TECHNICAL  FFAI1JRKS 

The  proposed  communication  system  consists  of  a satellite  repeater  in  a synchronous, 
equatorial  orbit  operating  in  conjunction  with  two  or  more  ground  terminals,  each  of 
which  is  linked  by  land  line's  or  microwave  relays  to  the  appropriate'  domestic  communi- 
cation systems. 

The  repeater  consists  of  a transistorized  UHF  receive*!'  and  an  I -band  (2  KMC)  trans- 
mitter having  a power  output  of  2.5  watts.  Since  the  electrical  power  is  supplied  by  solar 
cells,  the  useful  life  of  the  repeater  is  expected  to  be  limited  only  by  the  life  of  the  trans- 
mitting tube  to  about  one  year.  Besides  serving  as  the  communication  repeater,  the  receiv- 
er-transmitter is  also  used  as  a guidance  signal  repeater,  and  the  receiver  additionally  acts 
as  a command  receiver. 

The  payload  also  contains  a compressed  nitrogen  attitude1  and  vernier  velocity  control 
system,  which  provides  for  proper  illumination  of  the*  solar  cells,  correct  aiming  of  the* 
directional  antenna,  and  prec  ise  adjustments  of  the  orbit. 

The  ground  terminals  consist  of  a large  aperture  antenna  shared  by  the  25-KW  [kilo- 
watt | UIIF  transmitter  and  the  low  noise  l -band  receive*!.  The  antenna  reflector  will  be 
fixed,  and  the  small  departures  of  the  payload  from  an  exac  tly  stationary  orbit  will  be  fol- 
lowed by  moving  tlu*  antenna  feed. 

The  satellite  is  launched  using  the*  NASA  Scout,  and  two  additional  solid-propellant 
rockets  are  used  to  establish  the*  desired  orbit.  The  launching  site  will  be  Jarvis  Island,  an 
equatorial  island  approximately  I BOO  nautical  miles  south  of  Hawaii.  The  use  of  this  suit- 
ably located  equatorial  site*  results  in  a large*  decrease  in  required  propulsion  system  per- 
formance and  guidanc  e*  complexity. 

Further  technical  detail  is  furnished  by  the  following  sec  tions  of  this  proposal.  . . . 

[25 1 <>.  PROGRAM  COST 

An  estimate*  of  the  development  cost  of  the  communication  system  is  given  in  Table 
b-1,  and  an  estimate  of  the  cost  of  the  entire  program  is  given  in  fable*  b-2. 

The  amount  of  confidence*  which  can  be  placed  in  these  figures  is  worth  some  dis- 
cussion. The  costs  of  the  Scout  rocket,  attitude  guidance,  launcher,  and  ground  support 
equipment  were  obtained  from  the*  Vought  Astronautics  brochure,  “Space*  Research 
Vehicle  Systems  Developed  from  NASA  Scout,”  published  in  August,  1959.  The  UHF  TV 
transmitter  is  a production  item  and  its  cost  is  firm.  The  cost  of  the  ground  antenna  was 
estimated  by  an  experienced  supplier  of  such  devices.  Island  construction  costs  were  esti- 
mated by  an  overseas  construction  company  which  has  had  considerable  experience  with 
[Atomic  Energy  Commission]  projects  in  the  Marshall  Islands. 

The*  development  cost  estimates  were  obtained  from  the  individuals  who  would  be 
responsible  for  the*  various  items.  Although  some  variation  in  cost  of  particular  items  is  to 
be*  expected,  tlu*  chances  that  the*  total  will  remain  under  the*  1.2  million  dollar  figure 
seems  quite  good,  because*  of  the  strong  appeal  of  the  project  to  creative  engineers  and 
tlu*  subsequent  high  degree  of  enthusiasm  with  which  the  job  will  be  performed. 

[2b  | 

Payload 


TWT 

$0.15  M 

Electronics 

0.15  M 

Structure 

0.05  M 

5th  and  bth  Stages 

0.25  M 

Environmental  Testing 

0.10  M 

Total 

$0.70  M 
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Terminal 

Antenna  Design 

0.05  M 

Transmitter  Modifications 

0.05  M 

Low  Noise  Receiver  Design 

0.10  M 

Total 

0.20  M 

Guidance  - Perigee 

Transmitter  Design 

0.05  M 

Receiver  Design 

0.09  M 

Antennas 

0.02  M 

Computer 

0.04  M 

Total 

0.20  M 

Guidance  - Apogee 

Auxiliary  Antennas 

0.05  M 

( Computer 

0.05  M 

Total 

0.10  M 

Total  Development  Cost 

Table  6-1 

Development  Cost 

127] 

Development  ( a>st 
Terminal  ( lost 

Antenna 

$0.30  M 

Transmitter 

0.12  M 

Receiver 

0.03  M 

Building  and  Land 

0.10  M 
$0.55  M 

Jarvis  Island  Installation 


Construction  of  Buildings 

$0.25  M 

Construction  of  Airstrips 

0.25  M 

Launcher 

0.25  M 

Ground  Support  Kquipnicnt 

0.70  M 

Transportation 

0.25  M 

$1.70  M 

Launchings 

Scout  with  Attitude  Guidance  $0,361  M 

Payload  0.072  M 

$0,433  M 

Miscellaneous 

Salaries  of  Field  Personnel  $0,200  M 

Reserve  0.200  M 

$0,400  M 


$1.20  M 


x 2 $1.10  M (2) 


$3.40  M (2) 


x 3 $1.30  M (3) 


$0,40  \1 
$5.00  M 


Total  Program  (lost 


Table  6-2 
Program  Cost 
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IW\  7.  CONCLUSIONS  AN1)  RECOMMENDATIONS 

It  is  tout  luck'd  that  it  is  technically  feasible,  within  the  present  state  of  the  art  of  roc  k- 
et and  electronic  technology,  to  establish  a commercial  24-hour  communication  satellite' 
using  the  Scout  rocket  vehicle.  It  is  recommended  that  NASA  encourage  such  a program 
and  recognize  it  as  an  important  new  application  of  the  Scout.  This  program  can  be 
accomplished  by  the  Hughes  Aircraft  Company  within  a year  at  a cost  of  5 million  dollars. 

Document  1-6 

Document  title:  “Memorandum  for  Conference  on  Communications  Satellite 
Development,”  December  7,  1960. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 

hi  the  closing  months  of  the  Eisenhower  admin isfratwn,  NASA  Administrator  T.  Keith  (U ennan  and 
his  (issod/ites  paid  much  attention  to  the  appropriate  relationship  between  government  and  the  pri- 
vate sector  in  the  development  of  communications  satellites . AT&T’s  active  interest  in  trying  to  estab- 
lish a leading  position  in  this  new  technology  stimulated  (Herman  and  his  colleagues  to  focus  on  this 
issue,  rids  memorandum , with  no  credited  author ; but  almost  certainly  prepared  by  Robnt  Nunn , 
(den  nan's  special  assistant  for  communications  satellites,  summarizes  the  situation  as  of  December 
1 960. 


Memorandum  for  Conference  on 
Communications  Satellite  Development 

December  7,  I960 

1 ■ Basic  Mutual  Recognition 

a.  AI  & I uniquely  has  the  greatest  and  most  obvious  private  business  interest  in 
satellites  because  of  its  overseas  telephone  business. 

b.  Other  companies  have  expressed  varying  degrees  of  interest  in  and  shown 
varying  degrees  of  initiative  with  respect  to  participation  in  the  development 
of  elements  of  a communication  satellite  system,  although  none  has  given  evi- 
dence of  desiring  to  spend  company  funds  in  substantial  amounts  as  has 
AT&T 

c.  NASA  alone  has  the  statutory  responsibility  to  the  nation  for  developing 
space  technology  and  facilitating  its  civil  application  to  communications. 

d.  Il  follows  that  all  these  respective  interests  must  be  harmonized  on  a common 
ground. 

[ handwritten  notes  in  margin:  ul)  May -June  1961  - firm  up  our  coop,  utilization  of  A s,” 
2)  Obtain  assurance  of  A-participation  in  comm.,”  and  “3)  NASA  must  preserve*  bid  n 
(and)  competition.”] 

2.  ( jommon  (hound 

a.  Neither  AT&T  not  NASA  should  pre-empt  the  other’s  central  area  of  respon- 
sibility and  competence. 
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3. 


VM  4. 


h.  Both  AT&T  and  NASA  should  avoid  duplication  and  waste,  from  the  total 
national  point  of  view,  inc  luding  manpower,  lime,  and  money. 

c.  Both  AT&T  and  NASA  favor  private  ownership  and  operation  of  communi- 
cation satellites. 

d.  Both  AT&T  and  NASA  must  consider  the  national  interest,  which  includes  all 
of  the  various  competitive  interests,  in  communication  satellite  system  opera- 
tion. 

e.  Neither  AT&T  not  NASA  can  afford  to  let  the  development  of  the  utilization 
of  the  commercial  satellite  systems  become  a “political"  issue. 

r.  It  follows  that  a common  objective  and  a disciplined  common  approach  to  it 
must  be  mutually  understood. 

AT&T’s  Position  As  Presently  Understood 

a.  AT&T's  approach  may  give  others  the  impression  that  AT&T  is  seeking  to  pre  - 
empt responsibility  for  the  nation's  non-military,  satellite-based,  communica- 
tions program. 

b.  This  can  not  be  allowed  to  occur  either  in  reality  or  in  appearance  for  the  fol- 
lowing reasons: 

1 . It  would  seem  to  constitute  an  abandonment,  by  NASA  of  its  responsibil- 
ity under  the  law. 

2.  It  would  seem  to  constitute  a “give  away  by  NASA,  impliedly  l sic) 
sanctioning  AT&T  as  the  chosen  owner  and  operator,  which  is  beyond 
NASA's  legal  authority. 

3.  It  would  contribute  fuel  to  the  fire  of  the  arguments  by  those  who  favor 
Government  ownership  and  operation  of  all  satellites. 

4.  It  would  stimulate  debate  instead  of  action  and  thereby  engender  delay 
and  diversion  from  the  main  technological  task  ahead  of  us. 

5.  The  nation  can  be  assured  of  continued  development  only  by 
Government  activity  and  control  of  R&D  [research  and  development) 
programs,  since  AT&T  does  not  and  probably  can  not  provide  assurance 
of  continuity  of  effort  should  unforeseen  obstacles  arise. 

NASA's  Approach 

a.  AT&T  must  fit  its  activities,  even  when  using  its  own  funds,  into  the  commu- 
nications program  of  NASA  as  a part  of  it.  Present  here  is  the  implication  that 
the  interests  and  technical  approaches  of  AI&T  and  NASA  will  be  substan- 
tially the  same. 

b.  This  does  not  involve  NASA’s  pre-empting  AT&T  because  NASA  is  in  the  fore- 
front of  the  proponents  of  private  ownership  and  operation. 

c.  This  is  otherwise  essential  for  the  following  reasons: 

1.  It  assures  the  avoidance  of  wasteful  duplication. 

2.  It  supports  NASA  in  its  af  firmation  of  private  ownership  and  its  belief  in 
the  feasibility  of  an  indust ry-( Government  “partnership"  for  developmen- 
tal purposes. 

S.  It  assures  the  Congress  oflhe  (Government  control  of  R&D  and  therefore 
improves  the  possibility  of  getting  on  with  the  job  with  the  minimum  of 
legislative  delay  which  might  be  caused  if  the  Congress  gets  the  impres- 
sion that  the  Executive  Branch  is  not  giving  adequate  direction  to  the 
total  national  effort. 

4.  It  takes  account  of  the  fact  that  vehicles  and  launch  facilities  are  scarce 
national  assets  and  must  be  utilized  under  (Governmental  control. 

The  only  way  the  (Government  can  enter  into  a “partnership”  is  to  reserve 
unto  itself  the  authority  to  identify  and  the  authority  to  protect  valid  pub- 
lic interests. 


r>. 
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d.  NASA’s  approach  includes  competitive  hardware  acquisition  lor  at  least  two 
Thor-based  flights  at  Government,  expense  and  competitive  launchings 
(including  satellite,  vehicle  and  launch  costs)  at  [4]  private  or  Government 
expense  using  at  least  two  Atlas-based  vehicles. 

1.  The  key  to  this  approach  is  “competition”  because  it  is  the  only  way  in 
which  NASA  can  assure  the  Congress  that  its  approach  is  not  preferential. 

2.  Competition  may  also  result  in  a better  system. 

Special  Problems 

a.  Reimbursement  depends  upon  a ruling  by  the  Comptroller  General.  If  favor- 
able, then  NASA  can  develop  a relationship  with  industry  which  is  not  depen- 
dent upon  the  budget-authorization-appropriation  cycle.  If  not  favorable, 
then  NASA  would  have  to  seek  legislation  to  authorize  it  to  credit  such  reim- 
bursements to  its  own  appropriations. 

b.  Patents  depend  upon  the  application  of  the  present  law,  unless  NASA  is  suc- 
cessful in  getting  its  statute  amended.  This  means  that  AT&T  s case  for  waiv- 
er under  the  present  law  is  one  way  the  ownership  of  inventions  might  be 
determined  and  the  application  of  the  law  to  a “cooperative  agreement”  is  a 
less  preferred  way  of  determining  ownership.  NASA  intends  to  seek  a legisla- 
tive amendment  of  its  statute  in  the  same  terms  as  were  proposed  to  the  last 
Congress. 

c.  Follow-on  R&D  and  prototype  launchings  must  be  planned  since  it  is  hardly 
likely  that  a four-shot  program  will  be  adequate  to  develop  an  operational 
prototype  satellite  and  an  operational  system.  Back-up  vehicles  should  be 
available  for  repetitive  shots  within  three  months  of  any  failure. 

d.  Participation  by  AT&T  in  all  satellite  communications  experiments  under 
NASA  programs  in  a manner  similar  to  that  employed  in  the  Echo  program 
seems  desirable  from  the  standpoint  of  all  concerned. 

e.  Publicity  by  AT&T  should  avoid  “predictions”  involving  launchings  and  avoid 
the  impression  that  AT&T  can  “go  it  alone”  in  the  R&D  phase.  There  should 
be  (loser  cooperation  between  [public  information]  offices  in  AT&T  and 
NASA  so  that  AT&T  releases  are  available  to  NASA  in  a timely  manner. 


Document  1-7 


Document  title:  White  House  Press  Secretary,  “Statement  by  the  President,”  December 
30,  1960. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

Shortly  before  he  left  office , President  Ihvight  l).  Eisenhower  issued  a number  of  policy  statements  in 
an  attempt  to  set  the  future  agenda  on  various  issues , including  communications  satellite  policy.  In 
a statement  released  to  the  press  on  December  30,  1 960,  Eisenhower  reiterated  his  position  that  pri- 
vate industry  should  establish  and  operate  communications  satellite  systems. 
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Statement  by  the  President 

The  commercial  application  of  communication  satellites,  hopefully  within  the  next 
several  years,  will  bring  all  the  nations  of  the  world  closer  together  in  peaceful  relation- 
ships as  a product  of  this  nation’s  program  of  space  exploration. 

The  world’s  requirements  for  communication  facilities  will  increase  several  fold  dur- 
ing the  next  decade  and  communication  satellites  promise  the  most  economical  and 
effective  means  of  satisfying  these  requirements. 

Increased  facilities  for  overseas  telephone,  international  telegraph,  and  other  forms 
of  long-distance  person-to-person  communications,  as  well  as  new  f acilities  for  transocean- 
ic television  broadcasts,  through  the  use  of  man-made  satellites,  will  constitute  a very  real 
benefit  to  all  the  peoples  of  the  world. 

This  nation  has  traditionally  followed  a policy  of  conducting  international  telephone, 
telegraph  and  other  communications  services  through  private  enterprise  subject  to 
Governmental  licensing  and  regulation.  We  have  achieved  communications  facilities  sec- 
ond to  none  among  the  nations  of  the  world.  Accordingly,  the  government  should  aggres- 
sively encourage  private  enterprise  in  the  establishment  and  operation  of  satellite  relays 
for  revenue-producing  purposes. 

To  achieve  the  early  establishment  of  a communication  satellite  system  which  can 
be  used  on  a commercial  basis  is  a national  objective  which  will  require  the  concerted 
capabilities  and  funds  of  both  Government  and  private  enterprise  and  the  cooperative 
participation  of  communications  organizations  in  foreign  countries. 

Various  agencies  of  Government,  including  the  Department  of  State,  the  Department 
of  Defense  and  the  Office  of  Civil  and  Defense  Mobilization,  have  important  interests  and 
responsibilities  in  the  field  of  communications. 

With  regard  to  communication  satellites,  1 have  directed  the  National  Aeronautics 
and  Space  Administration  to  take  the  lead  within  the  Executive  Branch  both  to  advance 
the  needed  research  and  development  and  to  encourage  private  industry  to  applv  its 
resources  toward  the  earliest  practicable  utilization  of  space  technology  for  commercial 
civil  communications  requirements.  In  carrying  out  this  task  NASA  will  cooperate  closely 
with  the  Federal  Communications  Commission  to  make  certain  that  the  high  standards  of 
this  nation  for  communications  services  will  be  maintained  in  the  utilization  of  commu- 
nication satellites. 

| handwritten  note — Drafted  Dec  23,  I960”] 
[handwritten  note — “Released  Dec  30,  I960”] 

Document  1-8 

Document  title:  Federal  Communications  Commission,  “FCC  Relation  to  Space 
Communication,”  Public  Notice-G,  1627,  March  14,  1961. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 


The  question  of  authority  over  determining  spare  comma  nicotians  policy  was  unclear  at  first.  NASA 
and  the  Department  of  Defense  had  both  been  assigned  responsibility  for  technology  development , but 
the  Federal  Communications  Commission  (FCC)  had  a say  in  the  allocation  of  frequencies  for  satel- 
lite communications.  In  addition , several  other  committees  and  organizations,  both  international  and 
within  the  l!.S.  government,  were  responsible  for  different  aspects  of  the  subject. 
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FCC  Relation  to  Space  Communication 

GENERAL 

The  Federal  Communications  Commission  activities  in  connection  with  space  com- 
munication have  increased  greatly  because  of  the  many  new  and  unique*  problems  posed 
by  rapid  technological  and  scientific  developments  in  tli is  field. 

Although  the*  Commission  is  not  responsible  for  any  over-all  space  program  or  any 
particular  space  vehicle  launching  project,  the  mounting  activity  in  space  communication 
has  an  impact  on  its  regulation  of  non-Government  radio  users.  This  stems  from  its  oblig- 
ations under  the*  Communications  Act  which,  among  other  things,  requires  the  FCC  to 
“studv  new  uses  for  radio,  provide  for  experimental  uses  of  frequencies,  and  generally 
encourage  the  larger  and  more  effective  use  of  radio  in  tlui  public  interest  as  well  as  to 
“make  available,  so  far  as  possible,  to  all  the  people  of  the  United  States  a rapid,  efficient, 
Nation-wide,  and  world-wide  wire  and  radio  communication  service.” 

This  involves  the  allocation  and  assignment  of  frequencies  for  space  communication 
and  tin*  authorization  of  privately  conducted  research  and  expe  rimentation  looking 
toward  the  use  of  natural  or  man-made  satellites  to  provide  c ivil  communication  service  s 
on  a regular  basis.  Radio  signals  “bounced”  or  relayed  from  such  satellites  would  permit 
the  transmission  of  large  amounts  of  telephone,  telegraph  and  other  traffic,  including 
television,  over  great  distances.  Such  developments  present  a new  and  complex  array  of 
technical  problems.  Not  the  least  of  these  is  finding  suitable*  and  sufficient  frequencies 
and  insuring  compatibility  between  space  communication  systems  and  surface  systems  so 
that  the  public  interest  will  best  be*  served.  Many  regulatory  problems  will  flow  from 
adding  space  communication  to  radio’s  already  manifold  uses. 

COORDINATION  AND  COOPERATION 

The  ac  hievement  of  these  purposes  involves  both  national  and  inle  t national  consid- 
erations. Consequently,  the*  Commission  is  working  closely  with  the*  interests  involved. 

This  coordination  and  cooperation  requires  particularly  close  relationship  by  the*  FCC 
with  the*  National  Aeronautics  and  Space  Administration  (NASA),  which  directs  the 
Nation’s  non-military  space  effort.  On  February  28,  1961,  the  FCC  and  NASA  announced 
a joint  “memorandum  of  understanding”  for  delineating  and  coordinating  their  respec- 
tive responsibilities  in  civil  communication  space  activities. 

[2]  Other  interagency  activities  include  FCC  participation  in  the  following: 

The*  Telecommunication  Coordinating  Committee  (TCC)  [all  underlining  is 
handwritten  1 of  the  Department  of  State,  which  has  an  ad  hoc  working  group 
under  the*  chairmanship  of  FCC  Commissioner  T.A.M.  Craven  to  draft  foreign 
polic  y recommendations  on  space  communication  systems; 

The  Telecommunication  Planning  Committee  (TPC)  which  advises  the 
Office  of  Civil  and  Defense  Mobilization  (OCDM),  with  FCC  representation  on 
space*  study  panels; 

The  FCC  and  the  OCDM  have  joint  responsibility  for  national  frequency  allo- 
cations, with  staff  work  through  joint  meetings  of  FCC  representatives  with  the 
Interdepartment  Radio  Advisory  Committee  (IRAQ  and  its  Subcommittee  on 
Frequency  Allocations  (SFA); 
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The  US.  Committee  for  Study  Groups  IV  and  VIII  of  the  International  Radio 
Consultative  Committee  (CCIR)  of  the  International  Telecommunic  ation  Union 
(ITU),  with  which  the  FCC  participates  through  subgroups; 

T ’he  Space  Science  Board  (SSB) , of  which  the  FCC’s  Chief  Engineer  is  a 
member  of  the  International  Relations  (Committee  concerned  with  international 
basic  space  research  activities,  working  internationally  through  the  Committee 
on  Space  Research  (COSPAR); 

The  International  Radio  Scientific  Union  (URSI),  which  has  FCC  participa- 
tion and,  in  turn,  is  a member  of  the  International  Council  of  Scientific  Unions 
(ICSID:  and 

l he  National  Bureau  of  Standards  Central  Radio  Propagation  Laboratory, 
with  which  the  FCC  maintains  liaison  through  membership  on  the 
Interdepartment  Council  on  Radio  Propagation  and  Standards. 

INTERNATIONAL  CONSIDERATIONS 

The  International  Administrative  Radio  Conference,  held  at  Geneva  in  1959  under 
the  auspices  of  the  ITU,  adopted  an  international  table  of  frequency  allocations  which,  for 
the  first  time,  provided  bands  of  frequencies  for  space  and  earth-space  services.  These 
hands,  however,  are  for  research  purposes  only  and  are  useful  principally  for  tracking, 
control  and  telemetry  functions.  Although  no  hands  were  alloc  ated  internationally  for 
space  satellite  relay  communication,  a special  ITU  Administrative  Radio  Conference  was 
scheduled  tentatively  for  late  1963  to  deal  specifically  with  space  problems  on  the  basis  of 
developments  as  of  that  time.  At  the  request  of  the  Department  of  State,  preparatory  work 
toward  formulating  the  United  States  position  at  that  conference  has  been  initiated  joint- 
ly by  the  FGG  and  the  l RAC. 

[3]  Domestically,  steps  have  been  taken  by  the  FCC  to  implement  the  1959  Geneva  Radio 
Regulations  nationally  pending  ratification  of  that  treaty  by  the  Pre  sident  upon  the  advic  e 
and  consent  of  the  Senate. 


FCC  PROCEEDINGS 

As  a result  of  developments  in  space  communication  during  1960,  the  Commission 
reopened  its  proceeding  in  the  general  inquiry  relative  to  the  allocation  of  frequencies 
above  890  Megacycles  (Doc  ket  1 1866)  to  determine,  in  the  light  of  evidence  then  avail- 
able, whether  the  frequency  requirements  for  communication  via  space  satellites  would 
require  modification  of  the  Commission’s  decision  to  permit  some  additional  classes  of 
users  to  establish  communications  systems  on  frequencies  between  1,000  and  10,000  Me. 
After  a careful  analysis  of  all  the  evidence  then  on  hand,  the  Commission  conc  luded  that 
its  earlier  decision  need  not  he  modified  at  that  lime. 

However,  in  view  of  rapid  developments  in  space  communication,  the  Commission 
instituted  an  inquiry  (Docket  13522)  as  to  space  frequency  needs  on  a longer-range  basis. 
I his  information  will  assist  the  Commission  in  its  preparatory  work  leading  to  a United 
States  position  for  la]  future  international  conference  on  space  needs  and  usage.  The 
inquiry  was  augmented  to  consider  conditions  for  sharing  space  hands  with  other  radio 
services  and  whether  protected  areas  might  be  established  and  held  in  reserve  for  future 
earth  terminals  for  civil  communication  systems  using  space  relays. 
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EXPERIMENTATION 

The  Commission  is  encouraging  experimentation  in  this  new  field  in  the  hope  that 
private  industry  can  develop  considerable  additional  technical  information  which  will 
serve  to  further  the  country’s  over-all  space  program. 

In  this  regard,  an  experimental  authorization  was  granted  in  January  of  this  yeat  to 
the  FIT  Laboratories,  Nutley,  N.J.,  to  bounce  signals  off  the  moon  and  passive  (non-radio- 
equipped)  earth  satellites  for  basic  research  and  study. 

Also  in  January  of  this  year,  an  experimental  authorization  was  granted  to  the 
American  Telephone  and  Telegraph  Co.  to  permit  it  to  go  forward  with  plans  to  develop 
an  experimental  program  wherein  earth  terminal  facilities  at  Holmdel,  N.J.,  would  trans- 
mit to  and  receive  from  ac  tive  (radio-equipped)  earth  satellites  which  also  are  undergo- 
ing development  by  Al&rl. 

MONITORING 


Another  FCC  activity  is  the  continued  monitoring  of  channels  being  used  for  space 
communication.  This  started  with  its  long  range  direction  finding  work  in  tracing  Sputnik 
b before  the  Government  established  special  installations  to  track  space  objects. 
Commission  monitoring  is  to  prevent  unauthorized  use  by  other  stations  of  channels 
employed  for  space  communication,  and  to  identify  and  locate  sources  of  interference  on 
those  channels.  At  a number  of  FCC  monitoring  stations,  special  equipment  includes  sen- 
sitive* receivers,  high  gain  directional  antennas  and  automatic  frequency  scanning  devices. 
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Related  to  space  communication  is  the  use*  of  radio  in  astronomy.  I he  Geneva  1959 
conference,  for  the-  first  time  in  history,  provided  for  protecting  specific  frequencies  uti- 
lized in  radio  astronomy.  The  FCC  has  completed  the  groundwork  for  putting  these  pro- 
visions into  effect  domestically  when  the  Geneva  agreement  is  ratified  by  the  United 
States. 

Meanwhile,  the  Commission  has  adopted  rules  to  minimize  interference  to  frequen- 
cies used  for  radio  astronomy  observations  in  this  country,  particularly  at  the  National 
Radio  Astronomy  Observatory  at  Green  Bank  and  the  Naval  Radio  Research  Obsc  ivatoiy 
at  Sugar  Grove,  both  in  West  Virginia. 

Document  1-9 

Document  title:  F.R.  Kappel,  President,  American  Telephone  and  Telegraph  Company,  to 
the  Honorable  James  E.  Webb,  Administrator,  NASA,  April  5,  1961  (with  several  attach- 
ments). 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 

Document  1-10 

Document  title:  Janies  E.  Webb,  Administrator,  to  F.R.  Kappel,  President,  American 
Telephone  and  Telegraph  Company,  April  8,  1961. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 
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ll\e  new  Democratic  administration  of  President  John  E Kennedy  was  less  sympathetic  than  its 
Republican  predecessor  to  A t & l \ plans  to  establish  the  leading  position  in  the  development  of  com- 
munications satellites.  This  exchange  of  letters  reflects  the  position  taken  by  new  NASA  Administrator 
fames  K.  Webb — that  it  was  desirable  to  re-examine  the  government  role  in  communications  satellite 
development  before  deciding  that  the  government  should  take  a secondary  position  in  that  development 
to  A I &T  and  possibly  other  US.  communications  carriers.  The  position  of  AT&T  President  Tied  R. 
Kappel  to  that  stance , as  reflected  in  his  letter  to  Webb , is  supported  by  a series  of  attachments  indi- 
cating A I & / \ plans  as  they  had  developed  in  the  preceding  months. 


Document  1-9 


I HE  I IONORABI.E  JAMES  E.  WEBB,  Administrator 
National  Aeronautics  and  Space  Administration 
1520  H Street  Northwest 
Washington  25,  D.G. 

Dear  Mr.  Webb: 


It  has  come  to  my  attention  that  the  Wall  Street  Journal  on  March  29,  1961  carried  an 
article  slating  that  invitations  were  issued  last  year  to  companies  such  as  American 
Ielephone  and  lelegraph  Company  to  come  forward  with  partnership  proposals  with  the 
Government  (on  communications  satellites),  but  that  NASA  has  yet  to  receive  a linn  pro- 
posal from  any  company. 

In  view  of  events  which  have  taken  place  during  the  past  few  months,  this  statement, 
whic  h we  understand  grew  out  of  a press  conference  which  you  held  with  respect  to  NASA’s 
budget,  is  of  deep  concern  to  me.  The  specific  events  to  which  I refer  are  as  follows. 

On  September  15,  19(50,  Mr.  G.  L.  Best  of  this  Company,  wrote  to  Dr.  Clennan 
(Attachment  No.  1)  saying  that  we  had  under  way  the  development  of  an  active  commu- 
nications satellite  and  associated  ground  radio  facilities  and  would  hope  that  NASA  would 
be  willing  to  launch  trial  satellites  for  us  at  our  expense  if  this  proved  to  be  the  most  prac- 
ticable arrangement. 

This  lei  ter  was  followed  by  several  informal  discussions  after  which  Dr.  E.  1.  Green  of 
the  Bell  Ielephone  Laboratories  wrote  Dr.  Glennan  on  October  20,  19(50  (Attachment  No. 
- ) and  enclosed  a statement  of  the  objectives  and  principal  features  of  the  experiment 
which  the  Beil  System  proposed  to  make. 

[2]  Subsequently,  there  were  several  discussions  during  which  Dr.  Glennan  and  his  peo- 
ple outlined  some  of  the  pioblems  which  NASA  fell  were  involved  in  accepting  our  origi- 
nal proposal.  During  these  conversations,  various  possibilities  of  a joint  NASA-Bell  System 
project  were  discussed,  and  on  December  14,  1960  I wrote  to  Dr.  Glennan  outlining  in 
some  detail  several  specific  proposals  as  to  how  a joint  undertaking  might  be  accom- 
plished (Attachment  No.  S). 

Shortly  alter,  NASA  decided  to  ask  for  bids  covering  the*  construction  of  an  active- 
satellite  of  its  own  design  and  to  se*ek  the  cooperation  of  private  industry  here  and  of  the 
telephone  administrations  of  Gre*at  Britain  and  France  in  trials  using  such  a satc-llite.  We 
we-re  offered  an  opportunity  to  bid  on  such  a project  and  did  so,  making  substantial 
allowance  in  our  bids  for  the  value  which  we  thought  the-  tele-phone  industry  might  gel 
horn  such  an  experiment.  A copy  of  the  transmittal  letter  which  accompanied  these  bids 
is  also  enclosed  (Attachment  No.  4). 
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During  discussions  whir!)  preceded  our  bid,  we  pointed  out  dial  whether  such  a pro- 
ject would  take  the  place  of  one  step  in  the  Bell  System's  proposed  program  would 
depend  on  the  type  of  satellite  which  was  placed  in  orbit.  At  that  time  we  expressed  the 
hope  that  if  our  requirements  were  not  met  by  NASA’s  project,  NASA  would  launch  a Bell 
System  satellite  later  at  our  expense. 

In  our  studies  of  satellite  communications,  while  paying  primary  attention  to  the 
needs  of  international  common  carriers,  we  have  also  considered  certain  specific  Defense 
Department  needs- — for  example,  mobility  and  the  provision  by  the  Defense  Department 
of  a few  reliable  voice  channels  to  remote  locations.  The  early  experiments  and  tests  of 
satellite  relays  can  be  made  to  serve  both  civilian  and  defense  objectives  and  we  have  dis- 
cussed such  matters  of  common  interest  with  agencies  of  the  Department  of  Defense.  I 
believe  Dr.  Fisk  and  Mr.  Dingman  of  this  Company  discussed  this  briefly  with  you  and  Dr. 
Dryden  a few  weeks  ago. 

Summing  up  these*  events,  I think  it  is  clear  that  we  have*  made*  eve*ry  effort  to  find  a 
way  of  getting  this  very  vital  experimental  work  done  promptly  and  that,  contrary  to  our 
not  having  made  any  specific  proposals,  we  have  actually  made*  three  specific  proposals  to 
NASA.  Mr.  Best  has  gone  over  this  matter  by  telephone  with  Dr.  Dryde  n but  I thought  that 
you  might  like  to  have*  this  statement  of  the  situation  from  me*. 

\'\\  We  are  extremely  anxious  to  avoid  any  further  delay  in  getting  trials  under  way  for  a 
number  of  re  asons,  the*  most  important  of  which  can  be*  summarized  as  follows: 

1.  There  is  a nt*e*d  for  point-to-point  space  communications  systems — to  help  meet 
the*  growing  demand  for  overseas  communications. 

2.  Such  systems  would  he  a natural  means  of  augmenting  exisiing  connecting  links 
between  the  common  e arl  ier  networks  of  this  country  and  those*  of  foreign  coun- 
tries and  would  also  provide  alternate  routes  for  reliability. 

S.  Our  estimate's  of  costs  and  traffic  volumes  lead  us  to  the*  conclusion  that  a satel- 
lite system  such  as  we*  propose  is  economically  feasible. 

4.  Trials  of  active*  communications  satellites  are*  needed  to  de*te*rmine*  the*  basic  fac  ts 
upon  which  a commercial  communications  satellite  system  may  be*  designed. 

5.  We  are*  prepared  to  move  ahead  rapidly  if  permitte*d  to  do  so. 

b.  If  this  country  does  not  maintain  the  leading  position  in  spac  e*  communications 
for  peaceful  purposes,  which  is  now  within  its  grasp,  others  will  take*  the  lead. 

7.  l lu*  severity  and  frequency  with  which  sunspot  disturbances  are  occurring  threat- 
en to  disrupt  existing  forms  of  overseas  radio  communication  seriously  during  the* 
next  several  years.  This  is  of  great  importance  to  military  as  well  as  to  civilian  com- 
munications. 

There  need  he  no  fear  that  this  Company  is  seeking  a monopoly  in  international  com- 
munications through  the*  use*  of  satellites.  Our  only  interest  in  satellites  is  their  use  as 
another  means  of  connecting  the*  Bell  System’s  communications  network  in  this  country 
with  similar  networks  in  foreign  countries. 

We  have  slated  both  to  the  Government  and  publicly  that  any  satellite  system  which 
we  sponsor  will  be  available  to  all  United  States  international  communications  common 
(4)  carriers — either  through  lease  or  ownership  arrangements — for  any  services  autho- 
rized by  the  Federal  Communications  Commission.  We  have  also  stated  that  rockets  and 
launching  facilities  will  be  provided  by  private  suppliers  under  appropriate  arrangements 
with  the  Government.  (See  Mr.  Dingman 's  letter  of  March  21,  1901  to  the  Federal 
Communications  Commission — Attachment  No.  5.)  Furthermore,  the  creation  of  the 
satellite  system  we  propose,  to  do  our  public  service  job,  will  not  preclude  in  any  way  the 
development  of  other  space  communications  systems  for  other  purposes. 

In  view  of  the  urgency  of  this  whole  matter,  I should  like  very  much  to  drop  in  and 
| handwritten  underlining!  discuss  some  of  its  aspects  with  you  in  more  detail.  I am  sure 
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there  can  he  no  important  differences  between  us  as  to  ultimate  objec  tives,  and  perhaps 
we  can  by  discussion  at  this  time  advance  the  attainment  of  those  objectives.  Will  you 
please  call  me  at  your  convenience. 


Sincerely  yours, 

1 hand-signed:  “F.R.  Rappel”] 
President 


Attachments 


* * * * * * * * * * 


Attachment  No.  1 
September  15,  I960 


Dr.  T.  Keith  (ilennan,  Administrator 
National  Aeronautics  and  Space  Administration 
1520  H Street,  N.W. 

Washington  25,  D.C. 

Dear  Dr.  C ilennan: 

During  the  discussion  which  Messrs.  Botkin,  Pierce  and  I had  with  you  and  your  peo- 
ple several  weeks  ago,  we  expressed  the  view  that  the  commercial  satellite  communication 
systems  of  the  future  should  be  owned  and  operated  in  this  country  by  communic  ations 
carriers.  In  other  words,  w'e  believe  that  existing  national  policy  and  practice  in  the  com- 
munications held  should  be  extended  to  embrace  the  new  medium. 

By  so  doing,  it  will  be  possible  to  achieve  efficient  integration  of  the  planning,  con- 
struction, and  operation  of  overseas  cable  systems,  satellite  systems,  and  other  radio  facil- 
ities, and  also  assure  the  integration  of  domestic  and  overseas  operations  that  is  so 
necessary  to  the  orderly  planning  and  development  of  telephone  service  in  particular. 
Communication  with  other  countries  by  any  medium,  of  course,  requires  tbe  cooperation 
of  the  organizations  or  administrations  responsible  for  furnishing  external  communica- 
tion services  in  those  countries. 

It  is  assumed  that  there  will  be  some  form  of  Government  supervision  of  the  launch- 
ing and  orbiting  of  satellite's,  as  well  as,  of  course,  regulation  of  the  communication  ser- 
vice's rendered  and  the  radio  frequencies  used.  It  also  seems  to  us  that  any  international 
action  which  our  Government  may  feel  desirable  in  order  to  adequately  coordinate  with 
other  governments  the  use  of  satellites  may  be  taken  without  Governmental  ow  nership  or 
management  of  the  facilities  required  to  furnish  commercial  communications. 

During  our  conversation  there  was  also  considerable  discussion  as  to  what  part  of  the 
work  of  developing  a practical  satellite  communication  system  might  be  undertaken  by 
commercial  communications  carriers,  and  w hat  part  of  the  expense  of  such  work  should 
be  borne  by  them.  At  the  close  of  this  discussion  you  asked  that  we  set  down  our  thoughts 
on  1 2]  these  matters,  or,  more  specifically,  state*  what  the  Bell  System  companies'  plans  are 
for  the  future  and  what  part  they  were  looking  to  the  National  Aeronautics  and  Space 
Administration  to  do.  Our  present  views  on  this  subject  are  outlined  below. 

The  Bell  System  now  has  under  way  the  development  of  an  active  satellite  and  associ- 
ated ground  radio  facilities  and  would  like  to  proceed  with  an  experimental  trial  of  these 


Exploring  nil  Unknown 


49 


facilities  in  intercontinental  communications  as  soon  as  possible.  The  telephone  adminis- 
trations of  England,  France,  and  Germany  have  all  indicated  a desire  to  participate  in  such 
a project.  We  hope  to  be  ready  for  a transatlantic  trial  in  eighteen  to  twenty  months,  or 
Jess.  The  experimental  satellite,  or  satellites,  would  be  placed  at  an  otbital  altitude  of  pet- 
haps  2,200  miles  and  would  t arry  a repeater  designed  to  make  initial  use  of  a ^-megacy- 
cle radio-frequency  bandwidth.  We  are  willing  to  assume  the  cost  involved  in  this 
experiment,  except  that  we  would  expect  the  participating  foreign  administrations  to  pay 

at  least  the  cost  of  their  own  ground  stations. 

Our  present  thinking  is  that  we  would  design  and  construct  the  trial  satellites  for  our 
own  use,  making  sure  that  the  mechanical  design  would  be  compatible  with  the  design 
and  capability  of  whatever  launching  vehicle  was  used.  While  it  is  probably  too  early  to 
know-  just  what  facilities  for  launching  could  be  made  available,  we  would  hope  that  the 
National  Aeronautics  and  Space  Administration  would  be  willing  to  launch  these  trial 
satellites  for  us,  at  our  expense,  if  this  proved  to  be  the  most  practicable'  arrangement. 

Although  our  primary  interest  is  in  proceeding  with  a trial  of  active  satellites,  we  shall 
be  glad  to  cooperate  with  your  organization  in  any  further  tests  of  passive  satellites  that 
you  may  wish  to  conduct,  using  not  only  the  ground  equipment  now  available  but  also  the 
equipment  that  would  be  developed  for  active  satellite  tiials. 

I am  sure  you  understand  that  these  thoughts  may  be  subject  to  some  modification  as 
the  program  develops,  but  I believe  they  will  hold  basically.  We  would,  of  course,  seek  the 
advice  of  your  organization  in  all  phases  of  the  work  and  keep  you  informed  of  our 
progress. 

We  would  welcome  any  comments  you  may  care  to  make  about  any  part  of  tins  pro- 
posed program. 

Sincerely  yours, 

G.  T.  BEST 

Vice  President 

********** 
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Attachment  No.  2 
October  20,  19b() 


DR.  T.  KEITH  GLENN  AN,  Administrator 
National  Aeronautics  and  Space  Administration 
1520  II  Street,  N.W. 

Washington,  DC 

Dear  Dr.  Glen  nan: 

Dr.  Fisk  agreed  to  provide  you  with  a brief  statement  of  the  objectives  and  principal 
features  of  the  experiment  the  Bell  System  proposes  to  conduct  on  long  distance  com- 
munication via  an  active  satellite. 

As  indicated  in  the  statement,  the  experiment  is  an  important  part  of  a continuing 
Bell  System  development  program  directed  toward  large  scale  applic  ation  of  radio  satel- 
lites for  broad-band  communications. 
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Sint e Dr.  Fisk  is  out  of  town,  I am  enclosing  the  statement,  which  has  his  agreement. 


Si  nee  rely  yours, 

E.  I.  CREEN 
Executive  Vice  President 


Hue. 


PROPOSED  BELL  SYSTEM  EXPERIMENT  ON 
ACTIVE  SATELLITE  COMMUNICATION 


OBJECTIVE 


Io  carry  out  an  experiment  in  transoceanic  communications  with  a satellite  carrying 
an  active  repealer  suitable  for  multichannel  telephony  and  for  television.  The  experiment 
is  an  important  part  of  a continuing  Beil  System  development  program  directed  toward 
large  scale  application  of  radio  satellites  for  broad-band  communications.  The  program 
includes  extensive  laboratory  research  and  development  work  le  ading  to  long  life  and  reli- 
able operation  of  such  a system. 

SYSTEM  CHARACTERISTICS 

Proposed  Operating  Frequencies:  6775-6B75  me  ( megacycle  J ground  to  satellite. 

6425-6:>25  me  satellite  to  ground. 

Baseband  Width:  2 me. 


Modulation;  FM  with  ± 10  me  swing. 

1 1 ansmission  Path;  Europe  to  l .S.A.  and  reverse. 

Satellite;  Microwave  receiver;  2-watt  microwave  transmitter;  circularly  polarized  recep- 
tion and  radiation:  solar  cells  for  primary  power;  nickel-cadmium  storage  battery. 
Separate  beacon  transmitter,  150  milliwatts  at  about  1,30  me  for  tracking.  Satellite  essen- 
tially spherical,  about  4 diameter,  weight  175  lbs.  or  less.  The  initial  satellite  will  not  be 
engineered  primarily  for  the  long  life  needed  for  commercial  operation.  Orbit  of  satellite 
should  be  as  nearly  polar  as  possible,  at  an  altitude  of  2,000  to  5,000  miles.  (Note:  This 
expei  imeni  is  directed  particularly'  toward  normal  telephone1  communication  in  which 
one  way  tiansmission  delay' of  1/4  second,  suc  h as  would  be1  encountered  with  a 24-bour 
satellite,  would  be  intolerable.) 

Cround  Receiving  Station  at  Holmdel:  Existing  20’  x 20'  horn  reflector  antenna,  used 
in  Echo  I.  Improved  antenna  control  system.  (Construc  tion  of  a larger  60’  x 60'  born 
reflector  antenna  is  to  be  started  immediately,  [2]  but  this  may  not  be  in  operation  until 
a few  months  after  the  fiist  active  satellite*  experiment.)  Maser  for  operation  at  6475  me. 
Wideband  FM  feedbac  k receiver. 
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Ground  Transmitting  Station  at  Holmdel:  Existing  60’  dish,  used  in  Echo  I,  modified 
for  (>875  me  operation,  or  a new  similar  dish.  Improved  antenna  control  system.  1 kw 
transmitter,  using  either  a commercially  available  klystron  or  a traveling  wave  tube  under 
development  by  Bell  Laboratories,  choice  to  be  determined  by  engineering  considera- 
tions. 

Ground  Station  or  Stations  in  Europe:  Same  as  at  Molmdel,  possibly  with  variations  in 
detail  required  to  satisfy  foreign  partners. 

Antenna  Pointing:  Use  Minitrack  data.  Have  Goddard  Space  Flight  Center  compute 
orbit  parameters  to  be  transmitted  to  BTL.  Track  computation  and  antenna  control 
orders  by  Bell  Laboratories. 

Estimated  Performance:  With  satellite  7.5°  above  horizon,  and  assuming  total  noise 
temperature  of  ST  K,  2 db  [ decibels | satellite  antenna  gain  and  achievable  accuracy  in 
antenna  pointing,  system  would  provide  peak-to-peak  signal-to-rms  noise  ratio  of  47  db. 
Such  performance  will  provide  a path  lor  about  450  one-way,  high-grade  telephone  chan- 
nels, or  in  the  order  of  100  two-way  channels.  Alternatively,  the  experimental  system  will 
provide  one-way-at-a-time  transmission  of  a black-and-white  television  picture  of  a quality 
only  slightly  inferior  to  American  commercial  standards,  and  not  noticeable  on  the  aver- 
age home  receiver. 

Schedule*:  I he*  system  is  expected  to  be  operational  in  12  months,  assuming  no  undue 
delays  are  encountered  in:  (I)  assignment  of  the  necessary  experimental  radio  frequen- 
cies, (2)  availability  of  a suitable  satellite  launching  vehicle,  and  (8)  agreements  with  the* 
foreign  partner(s)  and  execution  of  their  agreed-upon  technic  al  tasks. 

October  20,  19b 0 
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28  September  1900 


Mr.  G.  L.  Best,  Vice*  President 

American  Telephone  and  Telegraph  Company 

195  Broadway 

New  York  7,  New  York 

Dear  Mr.  Best: 

I hank  yon  for  your  lette  r dated  September  15,  I960,  which  you  handed  me  on  that 
date.  It  was  a pleasure  to  see  you  and  I)r.  Baker  again. 

I he  proposal  of  the  Bell  System  to  integrate  satellite  systems  into  its  commercial  oper- 
ations is  of  considerable  interest  to  NASA. 

From  a broad  point  of  view,  as  you  no  doubt  appreciate,  your  request  that  NASA 
launch  trial  satellites  for  the*  Bell  System  raises  issues  of  national  policy  which  we  are  cur- 
rently studying.  Accordingly,  there  is  no  simple  or  ready-made  response  that  1 can  give  you 
at  this  time. 

It  is  helpful  to  me  to  know  the  position  of  your  company  and  its  particular  plans  for 
the*  future.  If  you  are  able*  to  be  more  specific  about  any  facet  of  your  program  at  any  time 
in  the*  future,  please  be  assured  that  I would  appreciate  being  informed. 

Sincerely  yours, 

T.  Keith  Glennan 

Administrator 


52 


Tiif.  History  of  Sai  f.ijtik  Communications 


Attachment  No.  3 
December  14,  I960 


DR.  T.  KEITH  GLENNAN,  Administrator 
National  Aeronautics  and  Space  Administration 
1520  H Street,  N.W. 

Washington  25,  D.C. 

Dear  Dr.  Glennan: 

Our  discussion  of  December  7 regarding  satellites  for  communication  purposes  raised 
a number  of  questions  relative  to  the  respective  efforts  of  NASA  and  A.T.&T.  Co.  in  this 
area  of  scientific  exploration.  I believe  there  was  no  disagreement  on  the  need  for  advanc- 
ing scientific  knowledge  as  fast  as  possible  to  the*  point  where1  commercial  communica- 
tions by  satellites  can  be  undertaken  by  the  common  carrier  communications  companies 
and  their  international  counterparts,  each  in  their  respective  areas  of  service. 

In  our  conversation,  we  indicated  we  are  proceeding  at  our  own  expense  with  the 
development  and  construction  of  experimental  active  satellites  which  will  be  ready  for 
launching  within  a year,  this  to  be  an  initial  step  toward  the  establishment  in  a few  years 
of  a commercial  satellite  system.  You  in  turn  advised  that  NASA  is  also  planning  experi- 
mentation in  the  field  of  active  communications  satellites,  with  the  view  to  developing  fur- 
ther scientific  information  in  this  area. 

It  was  agreed  that  our  objectives,  stemming  as  they  do  from  our  respective  areas  of 
responsibility  and  competence,  have  much  in  common.  Moreover,  l believe  we  were  in 
accord  that  the  national  interest  could  be  best  served  if  our  efforts  were  combined  in  this 
field  so  as  to  avoid  wastef  ul  duplication  and  delay  in  the  development  of  a final  system. 
[2]  It  is  recognized  that  NASA  has  broad  responsibilities  to  advance  “the  role  of  the 
United  Stales  as  a leader  in  aeronautical  and  space  technology  and  in  the  application 
thereof  to  the  conduct  of  peaceful  activities  within  and  outside  the  atmosphere.”  This 
charges  your  organization  with  a broad  obligation  to  assure  that  the  activities  necessary  to 
achieve  this  result  are  being  carried  out.  It  does  not,  however,  seem  to  require  that  NASA 
itself  duplicate  work  now  being  done  or  planned  by  private  industry  but  only  that  it 
encourage  industry  in  its  efforts  and  be  prepared  to  move  in  should  industry  be  unable 
or  unwilling  to  take  full  advantage  of  its  opportunities. 

The  common  carriers  of  the  United  States  have  the  responsibility  to  the  American 
public  to  furnish  the  best  possible  communications  service  not  only  within  this  country 
but  also  internationally.  In  the  course  of  discharging  A.T.&IVs  responsibilities,  we  have 
developed  overseas  radiotelephone  service  and  overseas  telephone  cables  and  have  estal>- 
lished  telephone  communications  with  nearly  every  country  in  the  world.  The  technical 
problems  which  were  solved  in  bringing  these  facilities  into  service  are  comparable  to 
those  which  are  faced  in  satellite  communication  systems. 

We  are  also  constantly  seeking  to  improve  the  communications  art  and  find  better  and 
more  economical  means  of  doing  the  job  to  which  we  are  dedicated.  In  so  doing  we  main- 
tain the  most  extensive  communications  research  and  development  laboratories  in  the 
world,  Bell  Telephone  Laboratories,  whose  responsibility  is  to  explore  every  possible  way 
of  improving  communication.  The  exploration  of  the  use  of  satellites  as  a means  of  radio 
communication  is  a natural  part  of  the  Bell  Laboratories  overall  program  and  it  has  been 
devoting  substantial  effort  to  activities  in  this  area  for  a number  of  years.  In  this  connec- 
tion, our  Bell  System  technology  has  already  been  the  source  of  the  essential  components 
which  enable  a satellite  to  act  as  a communications  relay.  These  include  transistors, 
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diodes,  solar  cells,  and  reliable  traveling  wave  tubes.  Out  of  the  work  which  the  Bell 
Laboratories  has  done  in  the  Kcho  experiment,  and  from  its  long  and  extensive  partici- 
pation in  radar  have  come  a series  of  developments  directly  applicable  to  satellite  com- 
munications, such  as  high-quality  antennas  of  the  horn  and  Casegranian  types,  microwave 
masers  as  low  noise  receivers,  KM  circuits  with  feedback,  also  for  low  noise,  and  various 
techniques  for  precision  tracking. 

[3]  The  achievement  of  a communications  satellite  system  will  depend  not  only  on  effec- 
tive satellite  relays  and  expert  communications  systems  engineering.  These  must  be  joined 
in  a unique  fashion  with  space  technology  where  NASA’s  primary  responsibility  lies. 
Moreover,  space  relaying  of  signals,  like  other  isolated  communications  techniques,  can 
provide  useful  communications  service  only  when  combined  with  existing  land  facilities. 
It  is  this  joining  of  the  communications  and  space  arts  and  facilities  which  indicates  the 
desirability  for  the  joint  efforts  of  our  organizations. 

It  is  our  thought  that  such  joint  efforts  would  have  as  their  objectives  both  demon- 
strating transatlantic  TV  (which  we  understand  to  be  one  of  NASA’s  primary  objectives) 
and  other  experiments  which  will  represent  the  first  step  in  an  orderly  developmental  pro- 
gram for  an  operating  communications  system.*  Concurrently  we  would  have  extensive 
effort  on  ground  stations  for  transmitting  and  receiving,  as  well  as  tracking  facilities  for 
controlling  the  antennas.  The  problems  of  the  entire  communication  system,  including 
economic  problems  as  well  as  such  important  matters  as  optimum  bandwidth,  operating 
margins,  systems  balance  and  reliability  of  components  would  receive  prime  attention. 

This  experiment  in  its  public  communications  aspects  would,  we  believe,  provide 
information  and  an  opportunity  for  experimentation  not  only  to  us  but  also  to  other  inter- 
ested common  carrier  communication  companies.  This  can  bt‘  accomplished  by  inviting 
other  international  common  carriers  to  use  the  satellite  circuits  experimentally  for  their 
own  forms  of  communication. 

With  this  as  background,  we  would  like  to  offer  the  following  spec  ific  proposals: 

a.  That  NASA  and  we  join  in  the  setting  of  performance  specifications  for  the  first 
experimental  ac  tive  satellite. 

b.  That  we  develop  and  build  the  first  satellite  taking  advantage  of  research  already 
done  and  developments  well  under  way.  We  are  prepared  to  pay  for  this  work  in 
its  entirety,  or  for  such  part  of  the  expense  as  would  reflect  our  respective  inter- 
ests in  the  project. 

[4]  c.  That  NASA  launch  the  first  satellite  and  provide  tracking  data  from  its  Minitrack 

stations.  In  this  connection,  we  are  willing  to  bear  the  whole  cost  of  launching  and 
tracking  or  to  share  these  costs  with  NASA  in  any  way  you  feel  will  properly  reflec  t 
our  respective  interests  in  the  project. 

d.  That  the  existing  ground  station  at  Holmdel  be*  made*  available*  and  modified  at 
our  expense  for  the*  purpose!:  of  making  the  necessary  communications  te*sts.  (This 
station  is,  of  course,  compatible  with  the  communications  network  of  this 
Company.) 

e.  That,  taking  advantage*  of  our  long  established  working  relations  with  overseas 
communications  operating  agencies,  arrangements  be  made  with  at  least  one  of 
them  for  one  or  more  overseas  ground  stations. 

f.  That,  other  common  carriers  be  invited  to  use  the  satellite  circuits  experimental- 
ly when  such  circuits  are  operational. 

g.  Thai  full  information  on  satellite  performance  he  made  available  to  NASA. 


* A program  lor  the  Development  of  ail  Active  Satellite  Communication  System  has  been  prepared  by 
Nell  Telephone  laboratories  and  is  available  for  detailed  discussion. 
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As  is  common  practice,  we  would  expect  that  much  of  the  work  on  the  communica- 
tions system  would  be  contracted  to  other  private  companies  as  was  done  in  the  Echo 
experiment,  for  example,  on  the  transmitting  antenna.  NASA  may  also  wish  to  contract 
with  others  for  many  of  the  other  items  involved,  such  as  mechanisms  for  multiple  launch- 
ing, satellite  orientation  arrangements,  etc. 

If,  as  we  are  confident,  this  experiment  is  successful,  it  is  our  plan  to  move  as  prompt- 
ly as  possible  toward  the  establishment  of  a commercial  satellite  communications  system 
which  will  be  integrated  with  existing  common  carrier  communications  facilities,  both 
here  and  abroad.  When  this  system  is  operational  circuits  will  be  made  available  to  other 
communications  common  carriers  for  use  in  their  business,  just  as  circuits  are  now  avail- 
able in  overseas  telephone  cables.  The  proposals  that  we  arc  making  should  [5]  be  of  sub- 
stantial value  to  the  military  and  other  government  departments  as  well  as  to  the  other 
users  of  our  services  and  those  of  other  communications  carriers. 

I hope  that  this  outline  will  offer  a useful  basis  for  approaching  the*  problems  which 
we  disc  ussed  last  week. 


Sincerely, 

F.  R.  KA1TFL 
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1 1 1 Attachment  No.  4 

Western  Electric  Company 
INCORPORATED 
Defense  Activities  Division 
120  Broadway,  New  York  5,  N.Y. 

Area  Code  212  571-5701 


C.  R.  SMITH 
VICE  PRESIDENT 


Marc  h 20,  1901 


The  National  Aeronautic  s and  Space  Administration 
Goddard  Space  Flight  Center 
( ireenbelt,  Maryland 

Attention:  Procurement  and  Supply  Division 
JI)C:24  l:in  j 


Gentlemen: 

I he  attached  proposal  is  submitted  in  response  to  your  Request  for  Proposal  No. 
GS-1861,  Tow  Altitude  Active  Communications  Satellite,  dated  January  4,  1901  and  the 
Telegraphic  Amendment  thereto  dated  February  24,  1901. 

This  response  contains  three  separate*  and  complete  proposals.  Proposal  1 is  based  on 
the  use  of  frequencies  in  the  400-500  and  2,200-2,500  me  bands.  Proposals  2 and  5 arc- 
based  on  the  use  of  frequencies  in  the  5,925-0,425  and  3,800-4,200  me  bands,  as  request- 
ed in  the  Telegraphic  Amendment  of  February  24,  1901.  Proposal  3 differs  from 
Proposal  2 in  that  it  includes  a contractor-furnished  radiation  experiment  pac  kage*. 
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Hell  lelephone  Laboratories  has  been  actively  pursuing  a program  of  research  and 
development  in  satellite  communications.  This  work  has  been  undertaken  because  of  the 
Bell  System  s position  as  a major  U.S.  international  communications  carrier  and  the  oblig- 
ation this  imposes  upon  it  to  develop  and  provide  any  new  means  of  communications  that 
hold  promise  of  improving  its  services  to  the  general  public  and  the  government.  The  Bell 
System  s program,  for  developing  a satellite  communications  system  and  for  placing  such 
a system  in  commeiciai  service  in  collaboration  with  the  telecommunic  ations  agencies  of 
other  countries,  is  expected  to  parallel  in  many  respects  the  System’s  achievements  in  the 
development  and  establishment  of  transoceanic  submarine  telephone  cable  systems.  As 
was  done  with  the*  cables,  the-  Bell  System  will  under-  [2]  take*  to  work  out  mutually  satis- 
factory arrangements  with  the*  other  United  States  international  carriers  whereby  they  can 
obtain  facilities  for  the  services  furnished  by  them. 

We  believe*  that  NASA  and  the*  Bell  System  have  a common  interest  in  pointing  exper- 
imental wo i k in  the  field  of  satellite*  communications  toward  the  realization  of  a com- 
mercial system  as  quickly  as  possible  with  a minimum  of  cost  and  without  duplication  of 
effort.  For  this  reason,  we  strongly  favor  Proposal  2 or  Proposal  3,  since  the*  (>  kmc  and 
1 kmc  frequencies  are*  already  being  used  in  common  carrie  r communications  systems  in 
both  the*  United  State's  and  Europe*.  The'  lie* 1 1 lelephone  Laboratory's*  program,  which  is 
based  on  the*  use  of  the  se*  frequencies,  is  well  under  way  and  maximum  progress  toward 
our  mutual  goal  will,  we  believe*,  be  achieved  with  the  experimental  satellite  contemplat- 
es! under  Proposal  2 or  3.  Not  only  will  this  permit  the  testing,  in  the*  experimental  satel- 
lite*, of  components  of  the*  kind  that  will  be*  used  in  later  prototypes  e)f  comme*rcial 
satellite's,  but  valuable*  informatiem  will  he*  obtained  on  the*  problems  of  sharing  the*  pro- 
posed frequencies  by  terrestrial  and  satellite  common  carrier  systems. 

In  response  to  a specific  NASA  request,  an  offer  to  undertake  this  program  on  a cost- 
phi  s-fixed-fee  basis  is  associated  with  each  of  the  proposals.  In  view  of  the  Bell  System 
interest  expressed  above,  however,  eac  h proposal  also  contains  an  offer  to  undertake  the 
program  on  a cost-sharing  basis.  These  offers  involve  billing  NASA  an  amount  equal  to 
about  one-fourth  of  the*  expense*  associated  with  Proposal  1 or  a considerably  smaller  part 
of  l ht*  expense  associated  with  Proposals  2 e>r  3,  since  the  work  to  be  undertaken  under 
the*se*  latter  proposals  will  make*  a larger  contribution  to  our  own  research  and  develop- 
ment program  than  the*  work  under  Proposal  1.  All  of  these  cost-sharing  offers  are  on  a 
cost  reimbursement  basis.  Each  offer,  however,  includes  a maximum  dollar  limit  of  cost  to 
be*  billed  to  NASA. 

I he*  A.  I . & I.  Company  has  offered  to  provide  ground  station  equipment  and  oper- 
ation in  the  United  States  and  to  undertake  to  arrange  for  related  ground  station  equip 
ment  and  operation  overseas.  NASA  has  been  assured  that  the  United  States  ground 
station  will  be1  operational  in  time  to  meet  the  planned  launching  schedule  and  that  these 
facilities  will  be  made  available  to  NASA  for  this  experiment. 

1 3 1 Every  attempt  has  been  made  to  include  in  the  three  parts  of  our  response,  General 
Evaluation  Information,  Scientific  and  Technical  Proposal,  and  Cost  Proposal,  all  of  the 
information  requested  in  connection  with  this  procurement.  The  representation  relating 
to  small  business  is  attac  hed  as  a separate  item. 

This  quotation,  in  re  sponse  to  NASA  Request  for  Proposal  GS-1861,  is  firm  for  a peri- 
od of  ninety  days  from  the  date  of  this  letter.  Questions  in  connection  with  this  quotation 
should  Ik*  directed  to  Mr.  R.  P.  Wilson  of  this  office  on  Extension  5735. 

Sincerely 


“C.  R.  Smith”  (hand-signed) 
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Attachment  No.  5 
March  21,  1961 


Mr.  Ben  F.  Waple,  Acting  Secretary 
Federal  Communications  Commission 
Washington  25,  D.C. 

Re:  Docket  No.  1 5522 


Dear  Sir: 

The  comments  filed  by  A.  T.  & T.  Co.  in  Docket  No.  13522  were  directed  to  the  spe- 
cific questions  posed  in  the  Notice  of  Inquiry  and  Supplement.  It  is  our  understanding 
that  the  Commission  was  seeking  technical  information  concerning  frequency  require- 
ments for  space  communications  without  discussion  at  this  time  of  legal  or  economic 
question.  However,  in  view  of  the  comments  of  this  character  in  some  of  the  other 
responses  and  the  publicity  they  have  been  given,  we  believe  a brief  statement  should  be 
made  to  forestall  any  misunderstanding  of  the  Bell  System  position  and  bring  the  com- 
ments into  a better  perspective. 

Our  interest  in  satellite  communications  is  simply  slated.  There  is  a need  for  point-to- 
point  space  communications  system — to  help  meet  the  growing  demand  for  internation- 
al communications  of  all  kinds,  and  to  provide  alternate  routes  from  a reliability 
standpoint.  Such  space  communications  systems  are  a natural  supplement  to  and  exten- 
sion of  existing  common  carrier  networks. 

The  traditional  communications  policy  in  this  country  has  been  to  have  common  car- 
riers serve  both  domestic  and  international  needs  for  public  communications.  I bis  poli- 
cy was  recently  restated  in  FCC  Public  Notice  G1271  dated  February  28,  1961  that  L\  . . 
overseas  public  communications  are  provided  by  private  enterprise,  subject  to 
Government  regulation.  . . .’’This  notice  also  included  the  following: 

“(1)  The  earliest  practicable  realization  of  a commercially  operable  communication 
satellite  system  is  a national  objective. 

1 2]  “(2)  The  attainment  of  this  urgent  national  objective  in  the  field  of  communications 
may  be  accomplished  through  concerted  action  by  existing  agencies  of 
Government  and  private  enterprise. 

“(3)  In  accordance  with  the  traditional  policy  of  conducting  international  commu- 
nications service  through  private  enterprise  subject  to  Government  regulation, 
private  enterprise  should  be  encouraged  to  undertake  development  and  utiliza- 
tion of  satellite  systems  for  public  communication  services." 

We  do  not  seek  a monopoly  in  satellite  communications.  We  do  not  wish  to  exclude 
other  international  carriers  either  from  establishing  such  systems  or  from  sharing  the  use 
of  the  system  we  propose.  We  seek  only  the  opportunity  to  employ  private  initiative,  man- 
agement and  capital  in  the  public  interest  and  under  public  regulation  in  a manne  r whol- 
ly consistent  wrilh  traditional  public  policy  with  respect  to  international  communications. 
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Our  estimates  of  Costs  and  traffic'  volumes  lead  us  to  die  conclusion  that  a satellite  sys- 
tem such  as  we  propose  is  economically  feasible.  We  are  prepared  to  move  ahead  as  tapir  - 
ly  as  possible  and  it  is  important  that  we  be  permitted  to  do  so,  not  only  to  meet  the'  set  vice 
requirements  for  the  near  future  but  also  to  make  sure  that  this  country  will  lead  the  way 
in  international  space  communic  ations  for  peaceful  purposes. 

Ownership  of  the  fac  ilities  involved  could  be  handled  in  the  traditional  way.  The  for- 
t-i,rn  terminals  would  be  owned  by  the  foreign  telecommunication  agencies.  We  have  had 
many  years  of  mutually  satisfactory  operating  experience  with  these  agenc  ies  all  over  the 
world  and  are  completely  confident  that  we  can  come  to  an  equitable  arrangement  with 
them  concerning  the  ownership  and  use  of  the  satellite’s. 

Use  of  the-  United  States  portion  of  the  satellite  system  would  be  made  available,  ot 
course  to  all  international  communications  carriers  serving  the  United  States  lor  any  ser- 
vices thev  now  are,  or  may  in  the  future  be,  authorized  to  provide  by  the  KX.  under  the 
Communications  Act.  Here,  too,  the  facilities  would  be  made  available  on  an  equitable- 
basis  either  by  ownership  partic  ipation  through  pro  rata  payment  of  capital  investment 
and  operating  expenses  or  by  lease  arrangements.  These  arrangements  would  preserve 
competition  in  the  international  communications  field  to  the  extent  that  it  is  detei  mined 

1)V  the  FCC  to  be  in  the  public  interest.  . . 

We  believe  the  low-orbit  system  proposed  by  AT&T  is  the  preferred  system  at  this  time. 
The  technology  is  well  advanced  for  the  low-orbit  satellite.  On  the  other  hand,  there  are 
drawbacks  [3|  to  the  synchronous  high-altitude  satellite.  To  begin  with,  there  is  a .<>  sec- 
ond round-trip  delay  which  would  be  a very  serious  degradation  of  telephone  service. 
Further  there  are  the  very  difficult  problems  of  placing  the  high-alt  nude  satellite  in  prop- 
er orbit’  maintaining  it  on  the  station,  stabilizing  and  accurately  pointing  us  directional 
antenna.  The  solution  to  these  latter  problems  is  at  a minimum  several  years  away  amt  it  s 
imperative  to  get  on  with  the  job  now — not  years  hence. 

The-  producers  of  electronic  gear  and  other  products  and  services  would  benefit  from 
the  introduc  tion  of  this  new  mode  of  communications  whic  h will  broaden  then  markets. 
\ substantial  part  of  the  ground  station  equipment  and  many  of  the  components  o the 
satellites  themselves  will  he  obtained  on  a competitive  basis  from  industrial  suppliers. 
Rockets  and  launching  facilities  will  be  provided  by  private  suppliers  under  appropriate 

arrangements  with  the  (Jove rumen t.  ...  . 

As  stated  at  the  outset,  we  believe  that  the  questions  to  which  the  Commission  is  seek- 
ing the  answers  in  this  procee  ding  are  essentially  technical  in  character,  and  they  must  be 
answered  promptly  if  the  United  States  is  to  maintain  its  leadership  m the  communica- 
lions  field.  The  purpose  of  this  letter  is  to  provide  information  which  may  he  helpful  to 
the  FCC  as  it  considers  policy  decision  vital  to  the  vigorous  advancement  of  the  nation  s 
spar  e communications  program. 


Very  truly  yours, 

“J.E.  Dingman”  [hand-signed] 
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Aj)ril  8,  1951 

Mr.  F.  R.  Kappel 
President 

American  Telephone  and  Telegraph  Company 

195  Broadway 

New  Yoi  k 7,  New  York 

Dear  Mr.  Kiippel: 

Thank  yon  for  your  letter  ol  April  5th.  I will  be  happy  to  see  you  whenever  you  plan 
to  be  in  Washington.  I am  appearing  before  the  House  Committee  on  Science  and 
Astronautics  on  Monday  morning,  April  10th,  and  am  engaged  all  day  on  Tuesday,  the 
I 1th,  with  the  President’s  Committee  on  Equal  Employment  Opportunity,  which  is  having 
its  lii  si  meeting.  Otherwise,  I will  be  glad  to  reschedule  my  appointments  so  we  can  meet 
al  your  convenience. 

In  order  that  you  may  understand,  perhaps  more  fully  than  a report  in  the  Wall  Street 
Journal , the  questions  and  answers  at  my  press  conference  on  the  budget,  I am  enclosing 
the  release.  You  will  note,  on  page  3,  my  statement  is  as  follows: 

In  oidci  to  take  lull  advantage  of  the  potentialities  of  the  communications  satel- 
hte  for  both  industry  and  governmental  uses,  industry  financing  of  research  and 
development  costs  is  postponed  and  full  governmental  financing  is  provided. 

It'll  million  dollars  is  added  for  this  purpose.” 

[2|  On  page  8,  you  will  note  my  statement  that: 

1 he  basic  change  is  simply  to  postpone,  until  we  know  more  than  we  know 
today,  the  real  decision  as  to  how  this  new  result  of  space  scienc  es  and  technolo- 
gy can  be  most  usefully  applied." 

Again,  on  page  9.  you  will  nole  Dr.  Dryden’s  statement  that: 

"•  t,u>  program  is  the  same,  John  (Finney),  the  program  of  (bur  flights  that  you 
have  heard  outlined  in  great  detail.  This  is  merely  an  estimate  as  to  whether  the 
freasury  would  recover  money.  It  seems  to  he  such  an  uncertain  thing  at  this  time 
that  we  ptefer  to  have  the  money  in  hand,  to  carry  it  forward  to  the  test  program.” 

further,  in  answer  to  the  question  as  to  whether  the  addition  of  the  ten  million  dol- 
lars to  the  budget  represented  any  modification  of  policy,  I stated: 

"It  represents  a policy  decision  to  have  a good  haul  look  al  this  before  making 
commitments."  * 

Since  you  have  referred  to  the  discussion  in  my  office  with  Dr.  Fisk  and  Mr.  Dingman 
ol  your  company.  I suggest  you  ask  them  if  the  above  does  not  represent  what  I told  them 
was  going  through  my  mind  as  the  only  sensible  way  to  approach  a decision  of  such  mag- 
nitude and  significance  lar  beyond  the  communications  industry,  as  well  as  long-range 
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implications  and  importance  to  many  segments  of  the  communication  industry  over  and 
above  its  great  significance  to  your  own  company. 

Last  night  I took  your  letter  home  and  read  the  attachments.  Your  letter  of  December 
14th  to  Dr.  (ilennan  does  state,  on  page  3,  that  you  would 

. . like  to  offer  the  following  specific  proposals: 

[3|  “a.  That  NASA  and  we  join  in  the  setting  of  performance  specifications  for  the 
first  experimental  active  satellite. 

“b.  That  we  develop  and  build  the  first  satellite  taking  advantage  of  research 
already  done  and  developments  well  under  way.  We  are  prepared  to  pay  for 
this  work  in  its  entirety,  or  for  such  part  of  the  expense  as  would  reflect  our 
respective  interests  in  the  project. 

“c.  That  NASA  launch  its  first  satellite  and  provide  tracking  data  from  its 
Minitrack  stations.  In  this  connection,  we  are  willing  to  bear  the  whole  cost 
of  launching  and  tracking  or  to  share  these  costs  with  NASA  in  any  way  you 
feel  will  properly  reflect  our  respective  interests  in  the  project. 

“d.  That  the  existing  ground  station  at  Holmdel  be  made  available  and  modified 
at  our  expense  for  the  purpose  of  making  the  necessary  communications 
tests.  (This  station  is,  of  course,  compatible  with  the  communications  net- 
work of  this  Company.) 

‘V.  That,  taking  advantage  of  our  long  established  working  relations  with  over- 
seas communications  operating  agencies,  arrangements  be  made  with  at  least 
one  of  them  for  more  overseas  ground  stations. 

T.  That  other  common  carriers  be  invited  to  use  the  satellite  circuits  experi- 
mentally when  such  c ircuits  are  operational. 

“g.  Thai  full  information  on  satellite  performance1  be  mack1  available  to  NASA. 

[ 4 1 I am  told  that  your  letter  of  Dec  ember  14th  was  delivered  by  a number  of  your  asso- 
ciates, that  an  extended  conference:  ensued,  and  that  it  was  made1  clear  that  NASA  would 
not  permit  your  company,  or  any  other,  to  pre-empt  the  program  of  the  United  States  in 
this  area,  [handwritten  highlighting  in  margin]  Later,  in  a letter  dated January  17th,  1961, 
your  proposal  (e)  as  amplified  in  your  telegram  of  January  12th,  to  undertake  negotia- 
tions f or  overseas  land  stations  on  behalf  of  NASA  was  not  accepted,  but  instead  negotia- 
tions were  initialed  and  completed  by  NASA,  with  the  technical  advic  e of  your  company. 

On  January  4,  1961,  as  indicated  in  your  attachment  No.  4,  March  26,  1961,  the  letter 
from  your  Mr.  C.  R.  Smith  to  our  Procurement  and  Supply  Division,  we  requested  pro- 
posals in  accordance  with  our  own  performance  specifications  for  an  experimental  low- 
altitude*,  ac  tive*  communication  satellite.  With  the  letter  of  Mr.  Smith,  you  submitted  a 
proposal  to  meet  our  performance  specifications. 

I believe  you  will  agree  that  our  request  for  proposals  was  not  an  acceptance  of  your  pro- 
posal of  December  14th,  but  was  instead  the  first  step  toward  a policy  of  permitting  all  com- 
panies interested  in  this  project  to  furnish  competitive  proposals  rather  than  limiting  the 
development  of  the  satellite  to  arrangements  that  would  be  made  only  with  your  company. 

You  will  recognize  that  all  of  the  above  either  took  place  before  or  was  underway  at 
the  time  I took  the  oath  of  office  on  February  14th.  It  is  background  for  the  position  I 
have  taken  publicly,  and  mentioned  above,  “to  have  a good  hard  look  at  this  before  mak- 
ing commitments.”  1 assume  part  or  all  of  this  falls  into  the  category  you  have  called 
“events  which  have  taken  place  during  the  past  few  months,”  and  needs  to  be  considered 
in  addition  to  the  “specific  events”  to  which  you  refer  in  your  letter. 

With  further  reference  to  the  record  of  my  press  conference,  you  will  note  on  page 
12  that  the  question  which  Dr.  Dryden  answered  related  to  a presentation  by  your  com- 
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pany  before  the  Federal  (Communications  Commission  in  connection  with,  as  the  ques- 
tioner put  it,  your  “being  interested  in  the  $170  million  program  to  put  up  their  (your) 
own  satellites.”  The  direct  question  was  whether  I “had  any  indication  that  AT&T  has 
taken  a new  look  at  the  desirability  of  this.” 

[5]  Although  the  conversation  Dr.  Dryden  and  1 had  with  Dr.  Fisk  and  Mr.  Dingman  was 
of  quite  a general  and  exploratory  nature  and  was  in  no  way  a negotiation  or  even  delin- 
eation of  official  positions,  I did  get  the  impression  that  your  company  was  making  a very- 
thorough  examination,  doing  some  real  soul-searching,  and  I so  stated  in  my  remarks  at 
the  bottom  of  page  12.  If  this  is  not  correct,  I will  appreciate  your  advice. 

I agree  completely  that  we  should  sit  down  and  straighten  out  any  misunderstandings 
that  may  have  arisen.  If  you  believe  our  public  statements  do  not  fairly  represent  the  posi- 
tion of  your  company,  I will  be  more  than  happy  to  take  any  steps  necessary  to  make  the 
real  facts  clear. 

Sincerely  yours, 

James  E.  Webb 
Administrator 

Enclosure 

A:  Webb:  ns 
N 

cc:  Dr.  Dryden 
Mr.  Nunn 
Mr.  Phillips 
BAC 


Document  1-11 

Document  title:  John  F.  Kennedy  to  Honorable  Newton  Minow,  Chairman,  Federal 
Communications  Commission,  May  15,  1961. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 


During  his  first  State  of  the  Union  address  on  January  30 , 1961,  President  Kennedy  had  called  for 
an  international  effort  to  develop  communications  satellites . Four  months  later,  he  reiterated  this  posi- 
tion while  considering  a sweeping  acceleration  of  the  US,  space  program. 


May  15,  1961 


Dear  Mr.  Chairman: 

I am  most  interested  in  having  facilitated  early  development  of  communication  satellites 
and  will  appreciate  prompt  determination  by  the  Federal  Communications  Commission, 
the  National  Aeronautics  and  Space  Administration,  and  other  appropriate  agencies  of 
the  conditions  and  safeguards  under  which  that  can  go  forward.  Subject  to  establishing 
the  necessary  precautions,  1 am  hopeful  that  the  public  and  private  resources  of  our  free 
society  can  be  brought  to  bear  for  significant  and  early  research  progress  in  this  field,  and. 
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as  quickly  as  possible,  for  actual  operation  of  satellite  telephones,  television,  and  other 
communication  systems  that  will  bring  the  world  closer  together. 

I will  appreciate  your  keeping  me  informed  of  the  steps  being  taken  toward  that  goal  and 
of  tangible  progress  that  is  made. 


Sincerely, 

[signed]  John  F.  Kennedy 


Honorable  Newton  Minow 
( Chairman 

Federal  Communications  Commission 
Washington,  I).C. 


Document  M2 

Document  title:  Ben  F.  Waple,  Acting  Secretary,  Federal  Communications  Commission, 
“An  Inquiry  Into  the  Administrative  and  Regulatory  Problems  Relating  to  the 
Authorization  of  Commercially  Operable  Space  Communications  Systems:  First  Report,” 
FCC  Report  61-676,  4774,  Docket  No.  14024,  May  24,  1961. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 

On  May  24 , 1961 , the  Federal  Commu nications  Commission  (FCC),  tasked  with  outlining  the  ini- 
tial policy  to  determine  how  the  communications  satellite  system  would  operate , issued  its  “ First 
Report . ” The  FCC  limited  participation  in  the  system  to  international  communications  carriers — 
AiUffi]  ITl\  RCA,  and  Western  Union.  This  policy  excluded  aerospace  and  communications  equip- 
rnent  manufacturers  and  consequently  provoked  numerous  complaints . Forced  to  respond  to  the 
aerospace  and  communications  equipment  manufacturers*  objections,  the  FCC  stated  that  such  com - 
ponies'  participation  in  the  establishment  of  the  system  would  he  neither  “ necessary  nor  beneficial . " 
This  issue  would  later  play  a major  role  in  the  controversy  over  the  (Communications  Satellite  Act. 


[475/1  ] Before  the  FCC  61-676 

FEDERAL  COMMUNICATIONS  COMMISSION  4774 

Washington  25,  D.C. 

In  the  Matter  of  ) 

) Docket  No.  14024 

An  Inquiry  Into  the  Administrative  and  ) 

Regulatory  Problems  Relating  to  the  ) 

Authorization  of  Commerc  ially  Operable  ) 

Sparc1  Communications  Systems  ) 


FI  RSI  REPORT 


By  the  Commission: 

1.  On  Marc  h 29,  1961,  the  Commission  adopted  a Notice  of  Inquiry  (released  on 
April  3,  1961)  designed  to  facilitate  an  early  solution  to  the  administrative  and  regulatory 


62 


Tm  History  of  Satf.li.itk  Gommi  mcations 


problems  relating  to  the  future  authorization  of  commercially  operable  space  communi- 
cation systems.  It  was  stated  in  the  Notice  that  it  may  not  be  feasible  to  have  more  than 
one  or  a limited  number  of  commercial  satellite  communication  systems  due  to  the  sub- 
stantial capital  investment  required  and  limitation  of  radio  spectrum  space;  and  that  this 
raises  a problem  as  to  the  manner  in  which  such  a system  or  limited  number  of  systems 
could  be  accommodated  within  the  Commission’s  policy  of  fostering  beneficial  competi- 
tion in  the  international  communication  field  and  within  the  anti-trust  laws.  Accordingly, 
the  Notice  solicited  views  from  all  interested  parties  as  to  the  best  plan  of  | closuring  that 
international  communications  common  carriers,  and  others,  participate  on  an  equitable 
and  non-discriminatory  basis  in  a single  or  limited  number  of  satellite  systems.  Views  were 
also  solicited  as  to  the  legality  of  the  suggested  plan;  the  Commission's  authority  to  pre- 
scribe such  plan;  and  the  extent  to  which  participants  in  the  plan  would  be  subject  to  the 
Commission’s  jurisdiction.  The  Notice  directed  that  responses  thereto  be  filed  on  or 
before  May  1961  and  that  replies  to  such  responses  be  filed  on  or  before  May  15,  1961. 

2.  Responses  have  been  filed  by  twelve  parties,  viz.,  American  Rocket  Society; 
American  Securities  Corporation  (for  the  future  Western  Union  International,  Inc.); 
American  Telephone  and  Telegraph  Company;  General  Electric  Company;  General 
Telephone  Sc  Electronics  Corporation;  Hawaiian  Telephone  Company;  International 
Telephone  Sc  Telegraph  Corporation  (and  American  Cable  & Radio  Corporation); 
Lockheed  Aircraf  t Corporation;  Press  Wireless,  Inc.;  Radio  Corporation  of  America  (and 
RCA  Communications,  Inc.);  The  Western  Union  Telegraph  Company;  and  the 
Department  of  Justice  (commenting  only  on  anti-trust  matters). 

3.  Replies  to  such  responses  were  filed  by  American  Telephone  and  Telegraph 
Company,  General  Electric  Company,  and  Lockheed  Aircraft  1 476/2]  Corporation. 

4.  In  general,  the  respondents  were  in  agreement  that  for  economic  and  other  rea- 
sons a single  satellite  communications  system  or  a limited  number  of  systems,  financed 
and  owned  by  private  enterprise,  would  best  serve  the  public  interest.  To  the  extent  that 
the  respondents  addressed  themselves  to  a specific  type  of  plan,  they  generally  favor  a 
joint  venture  for  the  ownership  and  operation  of  a system.  The  principal  difference 
among  respondents  in  this  respect  related  to  the  composition  of  such  a joint  venture. 
Thus,  American  Telephone  and  Telegraph  Company  and  International  Telephone  and 
Telegraph  Corporation  favor  ownership  in  such  a system  being  limited  to  international 
communications  common  carriers,  such  entities  participating  in  ownership  to  a degree 
consistent  with  their  use  of  the  system;  General  Telephone  8c  Electronics  Corporation 
would  limit  the  ownership  to  both  domestic  and  international  communications  common 
carriers;  while  Lockheed  Aircraft  Corporation,1  General  Electric  Company,  and  1 he 
Western  Union  Telegraph  Company  favor  ownership  by  common  carriers,  the  manufac- 
turing companies,  and  possibly  the  public. 

5.  Upon  consideration  of  the  responses  and  the  replies  filed  herein  the  Commission 
has  arrived  at  certain  conclusions,  the  application  of  which  will  serve  to  foster  and  accel- 
erate the  ultimate  establishment  of  a commercially  operable  space  satellite  communica- 
tion system  in  the  public  interest. 

6.  We  have  concluded  that  the  recommendations  made  herein  with  respect  to  the 
formation  or  arrangement  of  a joint  venture  (or  joint  undertaking)  composed  only  of 
existing  common  carriers  engaged  in  international  telephone  and  telegraph  communi- 
cation is  deserving  of  consideration  and  exploration  as  an  effective  means  of  promoting 
the  orderly  development  and  effectuation  of  such  a system.  We  believe  that,  under 


1.  Lockheed  in  its  reply  comments  withdrew  its  proposal  that  ownership  in  a satellite  svstem  include 
private  interests  oilier  than  the  international  carriers. 
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Commission  regulatory  jurisdiction  and  subject  to  the  conditions  and  safeguards  here- 
inafter set  forth,  some  form  of  joint  venture  by  the  international  common  carriers  is  clear- 
ly indicated  as  best  serving  the  public  interest  for  the  following  reasons: 

(a)  It  appears  to  be  generally  accepted  that  because  of  considerations  of  practi- 
cal economics  and  technical  limitations,  it  will  not  be  feasible  for  some  time  to  come 
to  accommodate  more  than  one  commercial  satellite  system. 

(b)  Communication  via  satellite  will  be  a supplement  to,  rather  than  a substitute 
for,  existing  communication  systems  operated  by  the  international  common  carriers, 
thereby  becoming  an  integral  part  of  the  total  communication  system  of  each  such  car- 
rier. 

1477/31  (c)  The  responses  filed  by  the  international  carriers  express  a willingness  and 
indicate  a capability  to  marshal  their  respective  resources  for  the  purpose  of  develop- 
ing a satellite  communication  facility. 

(d)  By  reason  of  their  experience  in  and  responsibility  for  furnishing  interna- 
tional communications  service,  the  international  carriers  themselves  are  logically  the 
ones  best  qualified  to  determine  the  nature  and  extent  of  the  fac  ilities  best  suited  to 
their  needs  and  those  of  their  foreign  correspondents,  with  whom  they  have*  long[- 
| standing  and  effective  commercial  relationships  and  who  necessarily  will  have  a sul>- 
stanlial  interest  in  the  operations  of  any  satellite  system. 

(e)  Under  the  Communications  Act,  the  international  carriers  arc*  obligated  to 
furnish  the  public  with  adequaie,  efficient  service  at  reasonable  charges,  and  this 
obligation  ran  best  be  discharged  by  those  carriers  maintaining,  as  far  as  possible,  the 
greatest,  degree  of  direct  control  and  responsibility  over  the*  facilities  employed  in  this 
service." 

7.  These  considerations,  in  our  opinion,  demonstrate  the*  desirability  of  exploring  at 
this  time  the  means  whereby  the  international  common  carriers  may,  collectively,  but  sul>- 
ject  to  appropriate  regulation  and  safeguards,  take  such  steps  as  arc*  necessary  to  plan  and 
effect  the  ultimate  integration  of  satellite  communication  techniques  into  the  fabric  of 
international  common  carrier  service.  At  the  same  time  these  considerations  would 
appear  to  militate*  against  the*  suggestions  which  have  been  made*  by  c ertain  of  the  respon- 
dents that  any  joint  venture  with  respect  to  the  ownership  of  satellite  communication  sys- 
tems should  include  participation  by  the  public  or  by  companies  in  the*  aerospace  and 
communications  equipment  manufacturing  industries. 

8.  We  are  not  unmindful  of  the  substantial  interests  that  these*  industries  have  made 
in  the*  field  of  space  science  and  the  important  contributions  they  have  to  make  to  this 
field.  Nor  are  we  unmindful  of  the  potential  market  that  satellite  systems  represent  for  the 
sale  of  communications  and  related  equipment.  However,  it  appears  that  the  adaptation 
and  integration  of  satellite  communication  techniques  to  international  common  carrier 
operations  is  within  the  economic  means  of  the  existing  carriers,  although  [478/4] 
requiring  cooperative  arrangements  among  them.  We  fail  to  see  why  ownership  partici- 
pation by  the  aerospace  and  communications  equipment  industries  will  be*  beneficial  or 
necessary  to  the*  establishment  of  a satellite  communication  system  to  be*  used  by  the*  com- 
mon carrier  industry.  On  the*  other  hand,  such  participation  may  well  result  in  encum- 
bering the  system  with  complicated  and  costly  corporate  relationships,  disrupting 
operational  patterns  that  have*  been  established  in  the  international  common  carrier 
industry,  and  impeding  effective1  regulation  of  the  rates  and  services  of  the  industry. 


2.  ft  is  recognized  that  this  new  technology  of c ommunication  may  present  numerous,  unique  and  dil- 
ticult  problems  which  may  involve  several  approaches  and  solutions  of  a type  and  nature  diitereut  Irom  those 
which  have  been  used  heretofore  in  the  held  of  international  communications.  However,  we  are  satisfied  thill 
any  such  new  problems  can  best  be  resolved  by  working  within  the  existing  framework  of  our  international  com- 
mon carrier  industry 
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9.  Insofar  as  the  proposal  for  such  participation  may  have  been  motivated  by  con- 
cern that  without  participation  the  manufacturers  of  communications  equipment  will  he 
excluded  from  this  market  hv  the  manufacturing  companies  affiliated  with  the  participat- 
ing common  carriers,  the  Commission  is  well  aware  of  this  danger.  Accordingly;  it  is  the 
Commission's  intention  to  require  that  any  joint  venture  that  may  evolve  shall  make  ade- 
quate and  effective  provision,  such  as  competitive  bidding,  to  [ejnsure  that  there  will  he 
no  favoritism  in  the  procurement  of  communications  equipment  required  for  the  con- 
struction, operation  and  maintenance  of  the  satellite  system.  We  want  to  stress  that  we 
shall  also  take  all  necessary  measures  and  establish  regularized  procedures  to  [ejnsure 
that  such  a policy  is  faithfully  and  conscientiously  administered.  In  this  connection,  and 
also  to  promote  the  maximum  degree  of  standardization,  the  Commission  will  also 
require  that  its  approval  be  obtained  with  respect  to  the  specifications  for  all  equipment 
used  by  the  common  carriers  in  the  satellite  system,  including  the  ground  terminals.  At 
the  same  time,  before  approving  any  specifications,  we  shall  examine  closely  into  the  rel- 
evant patent  situation  to  [ejnsure  that  an  undesirable  or  dominant  patent  position  will 
not  hamper  or  frustrate  the  Commission’s  objectives  in  this  regard. 

10.  It  is  neither  possible  nor  feasible  for  the  Commission  here  to  indicate  all  the  spe- 
cific features  which  it  believes  should  be  incorporated  in  any  joint  venture  of  international 
common  carriers.  These  matters  will,  of  course,  require  careful,  extended  study  and  for- 
mulation by  the  interested  carriers  acting  under  the  aegis  of  the  Commission  and  in 
accordance  with  the  procedures  and  policies  hereafter  to  be  provided  for.  However, 
regardless  of  organization  or  type  of  entity  that  may  subsequently  evolve,  it  must  contain 
clear  and  definite  provisions  which  will  [ejnsure  that  existing  and  future  international 
common  carriers,  whether  or  not  any  such  carrier  participates  through  ownership  in  the 
joint  venture,  shall  have  equitable  access  to,  and  non-disci  iminatory  use  of,  the  satellite 
system,  under  fair  and  reasonable  terms,  so  as  to  obtain  communication  facilities  in  the 
system  to  serve  overseas  points  with  the  types  of  services  for  which  they  are  licensed  or 
authorized  by  this  Commission.  The  Commission,  in  issuing  licenses  or  authorizations 
that  may  be  required  to  effectuate  such  joint  venture,  will  take  all  appropriate  measures 
to  implement  this  policy  and  to  effect  such  other  safeguards  as  may  be  required  in  the 
public  interest. 

1 1 . We  are  making  no  determination  at  this  time  as  to  the  desirability  or  need  for  par- 
ticipation in  any  such  joint  venture  by  domestic  common  carriers. 

[479/5]  12.  In  view  of  the  foregoing,  the  Commission  hereby  announces  that  it  will  invite 
all  United  States  international  common  carriers  and  certain  United  States  government 
agencies  to  attend  a conference  with  the  Commission  at  an  early  date  to  explore  plans  and 
procedures  whereunder  consideration  of  the  matters  dealt  with  herein  may  go  forward.  A 
f urther  order  will  be  issued  upon  conclusion  of  such  consideration. 

FEDERAL  COMMUNICATIONS  COMMISSION 

Ben  F.  Waple 

Acting  Secretary 


Adopted:  May  24,  1961 
Released:  May  24,  1961 
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Document  M3 

Document  title:  National  Aeronautics  and  Space  Council,  “Communication  Satellites,” 
July  14,  1961. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 

I his  policy  statement  outlines  the  Kennedy  administrations  approach  to  the  development  of  commu- 
nications satellites.  It  places  a much  greater  emphasis  than  the  Eisenhower  administration  on  the  gov- 
ernment's role  in  ensuring  that  the  public  and  national  interests  would  be  served  as  this  new 
technological  capability  was  brought  into  being.  It  also  emphasizes  the  need  to  develop  a truly  global 
system  for  satellite  communications. 


[ 1 I NATIONAL  AERONAUTICS  AND  SPACE  COUNCIL 

Policy  Document  Approved — July  14,  1961 

Communication  Satellites 

National  Pu  rpose 

Science  and  technology  have  progressed  to  such  degree  that  communication  through 
use  of  space  satellites  has  become  possible:. 

The  President  has  recognized  this  potentiality  and  has  requested  that  it  be  translated 
into  an  actuality.  In  his  Message*  on  the  State  of  the  Union,  the  President  invited  all 
nations  to  join  with  us  in  a new  communication  satellite  program.  On  May  25,  the 
President  asked  the  Congress  for  $50  million  of  additional  funds  to  accelerate  “the  use  of 
space  satellites  for  world-wide  communications.”  Again,  on  June  15,  the  President  request- 
ed the  Space  Council  “to  make  the  necessary  studies  and  government-wide  policy  recom- 
mendations for  bringing  into  optimum  use  at  the  earliest  practicable  time,  operational 
co m m u n i cad o ns  satellites.” 

Hence,  the  national  purpose  and  intent  have  been  made  clear. 


Program  Status 

Research  and  development  in  the  communications  satellite  field  have  been  conduct- 
ed over  the  past  few  years.  This  activity  has  been  [2]  under  government  auspices  and  guid- 
ance and  has  employed  primarily  the  competence  and  facilities  of  private  industry, 
through  the  use  of  public  funds.  From  these  efforts  have  come  prospects  for  several  dif- 
ferent types  of  communication  systems,  employing  passive  and  active  satellites,  in  either 
high  or  low  orbit.  Much  more  scientific  and  technical  work  needs  to  be  done  before  an 
initial  system  can  be  selected  for  commercial  operation. 

Agencies  of  the  government  have  been  developing  a U.  S,  position  with  respect  to  the 
international  allocation  of  frequencies,  in  anticipation  of  an  International 
Telecommunication  Union  space  conference  in  1963. 

I here  is  a widespread  private  industry  interest  in  communication  satellites,  with  the 
anticipation  that  they  can  be1  utilized  to  meet  increased  demands  for  service  and  for  com- 
mcicial  benefit.  Also,  foreign  countries  have  indicated  their  interest  in  communication 
satellites. 


Tin.;  History  or  Satkujtk  Commi  nications 


The  FCC  has  instituted  proceedings  in  which  problems  concerning  communication 
satellite  systems  are  being  examined. 

The  present  status  of  the  communication  satellite  programs,  both  military  and  civil,  is 
that  of  research  and  development.  Neither  the  arrangements  between  government  and 
industry  for  research  and  development  [3]  nor  the  government  participation  as  to  prepa- 
ration of  a plan  or  plans  for  ownership  and  operation  of  a commercial  system  have  con- 
tained any  commitments  as  to  the  operational  system. 

A communications  system  using  satellites  is  made  up  of  a number  of  interconnected 
parts,  of  which  the  satellites  are  but  one  part.  The  full  system  includes  message  origination 
facilities,  ground  sending  stations,  ground  receiving  stations,  and  message  delivery  facili- 
ties—in  addition  to  the  satellites  used  for  continuous  receipt  and  relay  of  messages.  YVe 
already  have  an  elaborate  communications  system  between  the  United  States  and  some 
parts  of  the  world.  Communication  satellites  must  be-  integrated  into  the  existing  system. 
Adding  communication  satellites  to  this  system  would  permit  substantially  increasing  the 
coverage,  increasing  the  capacity  for  communication,  and  enabling  television  and  high 
speed  data,  as  well  as  voice  and  record,  to  be  transmitted  and  received  over  great  distances. 


Problems 

As  a matter  of  progressive  action,  the  central  question  is  how  to  move  from  a research 
and  development  status  to  an  operational  status  in  which  the  newly  emerging  technology 
may  be  utilized  in  the  public  interest. 

[4]  There  are  two  principal  problem  areas:  one  having  to  do  with  continuing  to  advance 
the  state  of  the  art  on  an  accelerated  basis  and  the  technical  selection  of  the  specifications 
of  an  initial  operational  system:  the  other  having  to  do  with  organization  and  the  mode  of 
operation  best  suited  to  accommodate  the  wide  range  of  public  interests  involved. 


Polity 

Following  are  major  objectives  and  policy  guidelines  for  the  proper  handling  of  those 
problems: 

\ Time.  Operational  satellites  should  become  a part  of  the  means  of  long  distance 
communication  at  the  earliest  practicable  time  and  this  should  be  achieved  through  the 
leadership  of  the  United  States.  This  means  acceleration  of  effort  in  research  and  devel- 
opment, in  plans  for  operation  and  management,  and  in  cooperative  negotiations  with 
other  countries. 

2.  Ownership:  There  is  a wide  variety  of  types,  methods,  and  procedures  for  the  own- 
ership of  the  U S.  portion  of  the  system.  The  type  of  ownership  should  be  that  which  gives 
the  greatest  assurance  that  the  public  interest  will  be  best  served.  Any  ownership  plan 
which  promises  less  would  be  contrary  to  policy.  [5]  The  type  and  nature  of  ownership 
should  not  he  decided,  however,  until  recommendations  submitted  by  private  enterprise 
have  been  evaluated  by  the  appropriate  agencies  of  the  government  to  determine  whethei 
they  meet  the  policy  requirements.  If  these  policy  requirements  are  met,  the  government 
will  encourage  private  enterprise  to  establish  and  operate  a system.  This  should  be  decid- 
ed as  soon  as  practicable  in  order  to  maximize  the  level  of  national  effort. 

In  addition  to  the  other  policy  statements  in  this  document,  the  following  criteria  and 
principles  should  he  employed  in  evaluating  recommendations  for  private  ownership  of 
the  U.S.  portion  of  the  system: 

a.  noil-discriminatory  use  of  and  equitable  access  to  the  system  by  piesent  and 
future  communications  carriers; 

b.  effective  competition,  such  as  competitive  bidding,  in  furnishing  equipment 
purchased,  leased,  or  otherwise  acquired  from  non-U. S.  government  sources; 
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c . full  compliance  with  antitrust  legislation  and  with  the  regulation  of  rates, 
licenses,  frequencies,  etc.|,|  by  the  appropriate'  government  agencies. 

[6 1 S.  ( rover n men t Responsibilities;  In  addition  to  its  regulatory  responsibilities,  the 
government  should: 

a.  conduct  or  maintain  supervision  over  international  agreements  and  negotia- 
tions; 

b.  conduct  and  encourage  research  and  development  to  facilitate  accomplish- 
ment of  these  policy  objectives  and  to  give  maximum  assurance  of  rapid  and 
continuous  and  technological  progress; 

c.  control  all  launc  hing  of  U.S.  spacecraft; 

cl.  make  use  of  the  commercial  system  and  avoid  competition  with  it; 

e.  establish  separate  communication  satellite  systems,  when  required  to  meet 
unique  government  needs  which  cannot,  in  the*  national  interest,  be  met  by 
the*  commercial  system; 

f.  assure  the*  effective*  use4  of  the  radio  frequency  spectrum; 

g.  assure  that  provision  exists  for  the  discontinuance  of  satellite  transmissions 
when  require*!  in  the  interest  of  communication  efficiency  and  effectiveness; 

h.  provide  tec  hnical  assistance  to  newly  developing  countries  in  order  to  attain 
an  ef  fective  global  system  as  soon  as  practicable. 

[ 7 j 4 Nc4w  Uses  and  Reduced  Rates:  It  is  an  objective  that  satellites  make  available  for 
general  use  new  and  expanded  international  communications  services.  Transmission  of 
records,  voice,  and  television  over  great  distances  should  facilitate  the  exchange  ol  infor- 
mation and  ideas  throughout  the*  world.  1 hese  ne4w  and  expandc*d  use's  should,  at  the  c .al- 
lies! possible  time4,  be  made  available-  through  an  economical  system,  the  lower  costs  of 
which  will  be1  reflected  in  overseas  communication  rates.  Anticipated  greater  use  and 
lower  costs  per  channel  in  a communication  satellite  system  may  make  lower  rates  practi- 
cable. 

5,  Global  Coverage:  A system  of  communications  designed  for  “global  coverage  is 
to  be-  contrasted  with  a system  limited  to  connecting  heavy  traffic  markets  and  subject  to 
expansion  only  in  response  to  added  demands  of  sufficient  volume  as  to  be  profitable  per 
se.  Rather,  a “global"  system  is  one  with  the  potential  and  the  objective  to  provide  efficient 
communication  service  throughout  the  whole  world  as  soon  as  technically  feasible,  includ- 
ing service  where  individual  portions  of  the  coverage  are  not  profitable  or  even  have  no 
expectation  of  future  profit.  It  is  a national  objective  to  have  such  a global  system  opera- 
ble as  soon  as  possible  within  the  limits  of  technology. 

| Hj  6.  Foreign  Participation:  It  is  axiomatic  that  there  he  foreign  participation  in  any 
international  commercial  communication  system.  In  addition  to  participation  through 
use,  there  would  he  foreign  ownership  or  control  of  ground  facilities  outside  the  United 
States;  international  agreeme  nts  as  to  frequencies  and  operating  practices;  arrangements 
for  connections  with  other  systems;  and  opportunities  through  foreign  ownership  or  oth- 
erwise in  the  satellites  in  the  system.  The  U.S.  hopes  that  practical  measures  for  such  for- 
eign participation  can  be  developed. 

7.  Relationship  with  United  Nations:  The  U.S.  should  examine  with  other  countries 
the*  development  of  the  most  constructive  role  for  the  United  Nations,  including  the 
| International  Telecommunication  Union],  in  international  space  communications. 

Document  1-14 

Document  title:  Emanuel  CeUer,  Chairman,  Committee  on  the  Judiciary,  House  of 
Representatives,  eta/.,  to  the  President,  August  24,  1961. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 
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The  farm  of  ownership  of  an  operational  communications  satellite  system  became  a controversial  issue 
in  1 961  and  1 962,  as  it  became  clear  that  such  a system  would  f/e  established  within  a few  years.  The 
Kennedy  administration  's  policy  statement  on  communications  satellites  (Document  1-13  in  this  vol- 
ume) was  released  on  July  24,  1961  (approved  on  July  14),  and  provoked  this  response  from  thirty- 
Jwe  members  of  (congress  who  feared  AT&l's  dominance  of  an  operational  system.  They  urged 
President  Kennedy  to  wait  until  any  system  was  fully  operational  before  he  made  a final  decision  on 
the  form  of  ownership.  Ken  nedy  did  not  follow  this  suggestion;  several  of  the  signers  of  this  letter  were 
among  those  leading  the  push  for  public  ownership  of  a commu  nications  satellite  system  du  ring  the 
1 962  congressional  debate  on  the  issue. 


( 1 1 CONGRESS  OF  THE  UNITED  STATES 

House  of  Representatives 
Washington,  D.C. 


Emanuel  C idler 
1 1 th  District  New  York 

Chairman 

Committee  on  the  Judiciary 


August  24,  1961 

The  President 
The  White  House 
Washington,  D.C. 

My  dear  Mr.  President: 

Early  development  of  a space  satellite  communications  system  is  of  fundamental 
national  importance.  Such  a system  gives  promise  of  revolutionizing  international  com- 
munications and  communications  within  the  United  States.  It  has  potentiality  for  an 
unprecedented  increase  in  worldwide  telephone  and  telegraph  communications  and  for 
providing  transoceanic  television  and  radio  transmission. 

We  undersigned  members  of  Congress  therefore  believe  that  it  is  crucial  that  the 
United  States  he  the  first  to  develop  the  system.  We  further  believe  that  the  Federal 
Government  should  by  contract  carry  out  extensive  research,  experimentation,  and  devel- 
opment of  a satellite  communications  system.  Not  a minute  should  be  wasted.  After  such 
a system  has  become  fully  operational,  but  not  until  then,  we  believe,  can  decisions  be 
intelligently  made  as  to  whether  such  a system  should  be  publicly  or  privately  owned  and 
under  what  circumstances. 

As  you  have  pointed  out,  “the  present  status  of  the  communications  satellite  pro- 
grams, both  civil  and  military,  is  that  of  research  and  development.  To  date,  no  arrange- 
ments between  the  government  and  private  industry  contain  any  commitments  as  to  an 
operational  system.”  We  believe  this  is  as  it  should  be.  Present  commitments  of  any  kind 
as  to  the  control  of  this  system  may  hinder  its  rapid  development  and  prejudge  vital  ques- 
tions of  public  interest  and  international  relations. 

The  course  of  research  and  development  for  this  new  system  have  [sic]  demonstrated 
one  overwhelming  fact:  We  do  not  at  present  know  which  system  can  he  put  into  use  first, 
not  which  system  will  lx*  most  efficient  once  in  orbit.  Given  this  technological  uncertain- 
ty, the  complicated  question  of  ownership  and  control  of  this  system  must  necessarily  be 
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covered  with  an  even  greater  haze  of  uncertainty.  In  order  to  [ejnsure  that  tlu*  rapid  de  vel- 
opment of  this  new  system  is  not  [2|  impeded  l>y  a premature  dec  ision  as  to  ownership,  we 
arc*  of  the  opinion  that  prudenc  e requires  a further  investigation  of  the  broadest  aspects  of 
the*  ownership  question.  Specifically,  we  believe-  that  the  de  bate  over  ownership  should  lx* 
separated  from  the  developmental  question  until  the  entire  system  becomes  fully  opera- 
tional. During  this  period  development  should  proc  eed  with  all  possible*  speed  while  care- 
ful study  is  given  to  the*  dec  ision  as  to  the  control  of  these  unripened  fruits  of  science. 

While  we  believe  that  the  final  question  of  ownership  should  not  be*  dec  ided  at  a time 
when  we  have  insufficient  knowledge,  we  wish  to  make  it  dear  that  should  private  con- 
cerns be  authorized  to  own  and  operate  the  system,  the*  government  agencies  entrusted 
with  responsibility  must,  consistent  with  the  antitrust  laws,  prevent  any  concern  from 
attaining  a monopolistic,  dominant,  or  preferential  advantage.  Otherwise  the  national 
interest  would  be  frustrated  for  generations  to  conic-  in  a historic  achievement  which, 
ac  cording  to  a responsible  prediction,  may  well  constitute  a multi-billion  dollar  a year 
business  in  ten  to  fifteen  years. 

On  July  21  you  issued  a policy  statement  that  essential  conditions  to  private  ownership 
of  a space  satellite  communications  system  are  a “structure*  of  ownership  and  control 
which  will  assure*  maximum  possible  competition”  and  “full  compliance  with  antitrust  leg- 
islation.” We  are  in  complete  agreement  with  these  conditions  and  it  is  for  this  reason  that 
we  are  dec-ply  concerned  about  orders  issued  by  the  Federal  Communications 
Commission  on  May  24  and  July  25,  19f>l  whic  h dearly  contemplate  limiting  ownership  to 
a specified  group  of  so-called  “international  carriers”  which  does  not  e ven  include  all 
the  se*  carriers.  These  orders  are  contrary  to  the  policy  established  by  you;  they  are  con- 
trary to  the*  principles  of  the  antitrust  laws. 

The  FCC  orders  appear  for  all  prac  tical  purposes  to  determine*  that  the  satellite  com- 
munications system  is  to  be*  owned  and  operated  by  this  group  often  “international  car- 
riers.” This  would  mean  that  only  four  concerns  would  participate  in  the  system's 
ownership  sinc  e*  the  other  six  companies  in  this  group  have  professed  no  interest  whatso- 
ever in  space  communications.  More*  important,  it  would  mean  that  one  of  these  four 
companies,  AT&T,  would  have  a dominant  and  very  probably  a monopoly  position  in  own- 
ership of  the*  space  communications  system.  In  effect,  AT&T  would  lx*  the*  chosen  instru- 
ment of  the*  United  States  ( Government  to  own  and  control  civilian  space-  communications. 

This  would  be  intolerable  from  the*  standpoint  of  Ur*  public  interest.  As  tlu* 
Department  of  Justice  has  stated,  “(lie*  continuing  opportunity  (for  AT&T)  to  favor  its  own 
facilities  would  always  lx*  present  and  would  inevitably  result  in  discrimination  or  suspi- 
cion of  discrimination  no  matter  how  strict  might  be  the  policy  of  (AT&T)  to  provide  [S| 
equal  service  to  its  competitors.”  Furthermore,  “the  opportunity  to  favor  the  purchase  of 
equipment  produced  by  (AT&T's  subsidiary,  Western  Electric  Co.)  would  lx*  irresistible.” 

Flu*  head  of  the  Justice  Department’s  Antitrust  Division  has  testified  that  The  degree  of 
concentration  in  this  field  may  very  well  be  one  of  the  reasons  why  America  is  not  further 
advanced  in  the*  field  today  than  it  is  ...  . Our  system  has  not  produced  as  it  should,  and  the 
public  interest  has  suffered  because  there  has  been  undue  concentration  in  this  field.” 

We  believe  that  to  safeguard  the*  public  interest  it  is  essential  that  any  plan  permitting 
private*  ownership  if,  indeed,  such  is  preferred  to  public,  of  the  spac  e satellite  system  must: 

( 1 ) afford  all  interested  United  States  communications  common  carriers,  domes- 
tic as  well  as  international,  opportunity  to  participate*  in  ownership  of  the  sys- 
tem; and 

(2)  afford  all  interested  communications  and  aerospace  manufacturers  opportu- 
nity to  participate  in  ownership  of  the  system. 

We  have*  see  n from  past  experience  how  tlu*  American  Telephone  & Telegraph 
Company  has  been  able  to  expand  its  monopoly  position  and  strengthen  its  hold  on  Un- 
American  economy  by  combining,  under  tin*  aegis  of  one*  holding  company,  its  equip- 
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ment  manufacturing  concern,  the  Western  Electric  Company,  and  the  operating  divisions 
of  the  Bel!  Telephone  System.  Only  by  insisting  upon  the  widest  participant  by  all  inter- 
ested communications  and  aerospace  manufacturers  and  operators  can  there  by  any  hope 
that  such  a monopoly  c an  be  forestalled  in  this  new  and  vital  field. 

The  antitrust  laws  prohibit  monopolization  of  any  part  of  the  domestic  or  foreign 
commerce  of  the  United  States.  They  also  prohibit  the  acquisition,  ownership,  control,  or 
operation  by  an  interstate  or  foreign  wire*  carrier  of  any  station  or  any  system  for  radio 
communications  or  signals  between  any  place  in  any  state  in  the  United  Slates  and  any 
place  in  any  foreign  country,  if  the  purpose  is,  and/or  the  effect  thereof  may  be,  to  sub- 
stantially lessen  competition  or  to  restrain  commerce  between  any  place  in  any  state  in  the 
United  States  and  any  place  in  any  foreign  country,  or  unlawfully  to  create  monopoly  in 
any  line  of  commerce.  In  these  circumstances,  any  plan  which  does  not  meet  both  the  con- 
ditions we  have  specified  would,  in  our  considered  judgment,  be  in  direct  violation  of  the 
antitrust  laws  and  would  require  special  legislation  by  the  Congress.  No  executive  order 
or  decree  of  any  agency  can  overrich1  the  antitrust  laws. 

[4]  Nor  is  there  any  logical  or  rational  basis  for  excluding  U.S.  domestic  communications 
common  carriers  from  ownership  in  the  system  while  granting  companies  which  have  no 
interest  and  virtually  no  investment  in  international  communications  service  opportunity 
to  participate  in  the  system’s  ownership,  particularly  since  the  space  satellite  could  pro- 
vide domestic  as  well  as  international  communications  services. 

Furthermore,  it  is  clear  that  the  space  satellite  communications  system  will  be  vastly 
different  from  the  conventional  common  carrier  type  of  Operation.  Thus  there  is  no  jus- 
tification for  excluding  communications  and  aerospace  manufacturers,  particularly  when 
the  record  clearly  demonstrates  that  a number  of  these  organizations  have  a far  greater 
contribution  to  make  in  expert  technology'  than  any  of  the  ten  “communications  carriers.” 

The  question  of  monopoly  is  only  one  of  many  complicated  questions  involved  in  the 
decision  as  to  what  kind  of  an  ownership  system  will  best  meet  the  public  interest.  The 
ramifications  of  this  remarkable  system  are  likely  to  be  truly  revolutionary.  And,  as  with  all 
revolutions,  it  is  clear  that  our  understanding  of  the  implications  of  a new  technology  is 
likely  to  lag  behind  developments  themselves.  Because  we  believe  time  and  study  are 
essential  to  wise  decision-making,  and  because  we  do  not  want  to  prejudice  the  ultimate 
question  of  control  and  ownership  during  the  period  of  study,  we  urge  that: 

1.  No  decisions  concerning  ultimate  control  be  made  until  the  entire  system 
becomes  fully  operational. 

2.  No  contracts,  decisions,  or  acts  which  may  prejudice  the  ultimate  decision  as  to 
ownership  be  agreed  to  until  the  entire  system  becomes  fully  operational. 

3.  During  this  period,  the  Congress  be  consulted  upon  the  question  of  ultimate  con- 
trol and  ownership  and  allowed  to  exercise  its  constitutional  responsibility  to 
supervise  activities  of  Federal  agencies  regulating  foreign  and  domestic  com- 
merce. 

4.  During  this  period,  all  other  interested  parties  be  consulted  fully  upon  the  ques- 
tion of  ownership  and  control. 

5.  During  this  period,  all  possible  questions  of  international  agreement,  coopera- 
tion, control  and  ownership  related  to  other  nations  and  the  [United  Nations]  be 
thoroughly  explored. 

The  United  Slates  can  demonstrate  to  the  world  what  a democratic  system  can  accom- 
plish in  developing  a space  communications  satellite  system.  But  if  decisions  are  taken  in 
haste  and  allowed  to  cramp  and  prejudice  (5]  the  rational  development  of  the  new  gift  of 
science,  it  is  likely  that  we  may  not  only  prejudice  a question  of  vital  national  concern,  but 
we  may  hinder  the  rapid  development  of  the  system  itself. 

Your  statement  of  July  24,  1061  makes  it  clear  that  if  private  ownership  is  to  be 
favored,  the  ownership  and  control  system  must  meet  eight  stringent  conditions.  We 
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would  like  to  emphasize  that  the  conditions  laid  down  are  a very  difficult  set  of  tests  for 
any  system  of  ownership  to  meet.  We  believe  that  if  careful  thought  is  given  to  how  or, 
indeed,  whether,  these  tests  can  lie  met,  not  only  will  the  public  interest  be  served,  but  the 
rapid  development  of  this  new  gift  of  science  will  mo[v|e  ahead  unhindered  by  a prema- 
ture  struggle  over  its  fruits. 


Hubert  II.  Humphrey 
Estes  Kefauver 
Wayne  Morse 

Joseph  I*.  Addubbo 
Thomas  L.  Ashley 
Edward  P.  Boland 
James  A.  Burke 
Janu  s A.  Byrne 
Emanuel  ( '(Her 
Met  win  (load 
Jeffery  (lohelan 


Sineerely  yours, 

Leonard  Farbstein 
Kenneth  J.  Gray 
Chet  H oilfield 
Elmer  J.  Holland 
Lester  Holtz  man 
Robert  W.  Kastenmeier 
Eugene  J.  Keogh 
Frank  Kowalski 
Thomas J.  Lane 
Richard  E.  Lankford 
Roland  V.  Libonati 
(Hem  Miller 

Document  1-15 


Joseph  M.  Montoya 
John  E.  Moss 
Abraham  J.  Mill  ter 
M.  Blaine  Peterson 
Henry  S.  Reuss 
Ralph  J.  Rivers 
James  Roosevelt 
William  Fitts  Ryan 
John  F.  Shelley 
B.  F.  Sisk 
1 lerinan  foil 
Al  Hllman 


Document  title:  Frederick  G.  Dutton,  Assistant  to  the  President,  Memorandum  for  the 
President,  November  13,  1961. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 

/„  October  I %/,  the  FCC  Ad  Hoc  Carrier  (or  Industry)  Committee  Report  proposed  that  a nonprof- 
it corporation  be  established  to  develop  and  operate  the  communications  satellite  system.  I his  corpo- 
ration would  lease  circuits  to  authorized  carriers,  which  would  own  the  satellites  as  well  as  their 
mound  stations.  The  corporation  would  he  run  by  a hoard  of  directors,  including  representatives  of 
AT&T,  FIT,  RCA,  and  Western  Union  and  three  public  directors  appointed  by  the  president,  the 
committee's  report  resulted  in  immediate  controversy,  as  noted  in  Frederick  Dutton 's  memoranda m to 
President  Kennedy.  FIT,  RCA , and  Western  Union  all  expressed  concern  that  AT&T  would  domi- 
nate such  a corporation,  while  representatives  of  other  aerospace  and  electronic  manufacturers  were 
unhappy  that  they  would  he  excluded  from  participating  in  such  a revolutionary  field.  Some  members 
of  Confess  expressed  concern  that  such  a corporation  involving  all  of  the  international  earners 
would  constitute  a monopoly.  The  issue  was  not  settled  until  the  passage  of  the  Communications 
Satellite  Act  on  August  31,  1962. 


November  13,  1961 

Memorandum  for  the  President 

As  a matter  of  information,  you  should  be  aware  that  the  proper  kind  of  entity  to  own 
and  operate  communication  satellites  is  becoming  an  increasing  source  ol  controversy.  1 
have  brought  together  a Task  Force  of  representatives  from  the  interested  federal  agen- 
cies with  the  Chairman.  Ed  Welsh,  as  Executive  Director  of  the  Space  Council,  to  prepare 
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recommendations  consistent  with  your  polit  y statement  in  this  field.  The  Fxecutive  agen- 
cics  are  dissatisfied  with  the  report  of  the  FCC  Ad  Hoe  Industry  Committee;  and  substan- 
tial Congressional  and  press  concern  continues  over  AT&T’s  potential  stranglehold  over 
(ounminicatioii  satellites.  I he  Task  Force  will  have  recoinniendalions  ready  in  December. 
Senatoi  Kerr  is  preparing  Ids  own  legislative  recommendations,  so  the  entire  matter  will 
undoubtedly  come  to  a head  during  the  coming  Congressional  session. 


Frederick  C.  Dutton 

Document  1-16 

Document  title:  Senator  Robert  S.  Kerr,  “Amendment  to  the  National  Aeronautics  and 
Space  Act  of  1958,  Space  Communications,”  November  28,  1961. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters 
Washington,  D.C. 


Document  1-17 

Document  title:  E.C.  Welsh,  Executive  Secretary,  National  Aeronautics  and  Space  Council, 
Executive  Office  of  the  President,  Memorandum  to  the  President,  April  11,  1962. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters 
Washington,  D.C. 


Document  1-18 

Document  title:  “Communications  Satellite  Act  of  1962,”  Public  Law  87-624,  76  Stat  419 

signed  by  the  President  on  August  31,  1962. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters 
Washington,  D.C.  ' n 

By  the  spring  of  1962,  the  Kennedy  administration  had  derided  its  preference  regarding  what  kind  at 
communications  satellite  organization  should  be  developed.  There  were  some  in  Congress,  howei’er, 
who  wanted  public  ownership  of  any  such  organization,  while  others  argued  for  totally  private  cow 
Irak  While  the  congressional  debate  was  going  on,  Telstar  was  launched  and  successfully  operated  Icy 
AOs'  I . this  further  strengthened  the  case  for  private-sector  operation  of  international  satellite  com- 
munications. In  addition  to  the  administration  hill  mentioned  in  the  memorandum  to  President 
Kennedy  from  hlward  C.  Welsh,  Executive  Secretary  for  the  National  Aeronautics  and  Space 
(.on licit,  there  were  fifteen  other  legislative  proposals  concerning  the  same  subject.  These  advocated 
alternatives  included  government  ownership,  limited  private  ownership  similar  to  the  administration 
hi  a and  open  ownership  not  limited  to  the  inter  national  earners. 

John  Johnson.  NASA's  general  counsel,  was  first  ashed  to  draft  Senator  Robert  Kerr's  bill  for  a com- 
man  nations  satellite  corporation  and  then  asked  to  draft  the  Kennedy  administration's  bill  for  the 
same  proposal.  Kerr  s bill  pnwided  for  an  entirely  privately  run  eorporation , regulated  by  the  govern- 
ment.  It  represented  the  more  conservative  side  of  the  argument  over  ownership  and  control.  Kerr 
eh  aired  the  Senate  Committee  on  Aeronautical  and  Spare  Sciences  and  served  primarily  as  an  advo- 
cate Jor  the  administration 's  bill  rather  than  his  own.  Estes  Kefauver  represented  the  other  side  of  the 
debate  and  introduced  a bill  calling  for  total  government  ownership.  He  led  the  opposition  to  the 
administration  bill  on  the  Senate  floor,  first  through  the  addition  of  a number  of  amendments  and 
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then  by  a filibuster.  1 he  Senate  finally  moved  for  cloture  for  the  first  time  since  1927  to  end  the  debate. 
In  the  end , the  administration  bill  was  not  significantly  altered  and  eventually  became  the  basis  for 
the  Communications  Satellite  Act  of  1962. 


Document  1-16 

( J ] (AUTOMATIC  RELEASE  IN  A.  M.’S  OF  TUESDAY,  NOVEMBER  28,  1961) 

FROM  THE  OFFICE  OF  SENATOR  ROBERT  S.  KERR 
DRAFF 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled, 

Ihat  the  National  Aeronautics  and  Space  Act  of  1958,  as  amended  (42  USC  2451- 
2476),  is  amended  by  adding  thereto  a Title  IV,  to  read  as  follows: 

HU  E IV— SPACE  COMMUNICATIONS 
DECLARATION  OF  POLICY 

Sec.  401  . The  Congress  hereby  declares  that  it  is  the  policy  of  the  United  States  to  provide 
leadership  in  the  establishment  of  a world-wide  communications  system  involving  the  use 
of  space  satellites  at  the  earliest  prac  ticable  time,  to  provide  for  ownership  of  the  United 
States  portion  of  the  system,  and  to  invite  all  nations  to  participate  in  the  system  in  the 
interest  of  world  peace  and  closer  brotherhood  among  peoples  throughout  the  world. 

CREATION  OF  SATELLITE  COMMUNICATIONS  CORPORATION 

Sec  . 402.  (a)  The  provisions  of  this  Section  shall  take  effect  as  provided  in  Sec.  406  of  this 
Act. 

(b)  I here  is  hereby  created  a corporation,  to  be  known  as  the  Satellite 
Communications  Corporation  (hereafter  referred  to  as  the  “Corporation”),  whose  object 
and  purposes  shall  be  to  develop,  construct,  operate,  manage,  and  promote  the  use  of  a 
communications  satellite  system  in  the  public  interest,  and  to  foster  research  and  devel- 
opment in  the  Held  of  space  telecommunications. 

((:)  Organization  and  Operation.  The  Corporation  shall  be  organized  and  operated 
as  a communications  common  carriers’  carrier,  and  shall  own  the  United  States  portion 
of  the1  communications  satellite  system,  consisting  of  the  satellites,  the  earth  terminals, 
and  associated  ground  control  and  tracking  facilities.  The  Corporation,  shall  make  the 
facilities  of  the  system  available  on  a nondiscriminatory  and  equitable  basis,  at  rates  to  be 
established  by  the  Federal  Communications  Commission  (hereafter  called  the 
“Commission”),  to  all  United  States  carriers  authorized  by  the  Commission  to  provide 
communications  services  via  satellite. 

(d)  foreign  Participation.  The  Corporation  shall  also  provide  opportunities  for  for- 
eign  participation  in  the  communications  satellite  system,  through  ownership  or  other- 
wise', on  an  equitable  basis  and  on  reasonable  terms 

(e)  Ownership  of  Corporation.  Ownership  interests  in  the  Corporation  shall  be  lim- 
ited to  United  States  communications  common  carriers  who  are  determined  by  the 
Commission  to  be  eligible  to  participate  in  such  ownership. 
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[2]  (f)  Officers  of  Corporation.  There  shall  be  a Board  of  Directors  consisting  of  two 
Direc  tors  appointed  bv  eac  h carrier  or  affiliated  group  of  carriers  having  an  ownership 
interest  in  the  Corporation  and  two  additional  Directors  designated  jointly  by  United 
States  carriers  who  are  authorized  by  the  Commission  to  provide  communications  services 
via  satellite  but  who  do  not  acquire  an  ownership  interest  in  the  Corporation.  I he  Board 
of  Directors  shall  choose,  or  elect  by  majority  vote,  the  principal  officers  ol  the’ 
Corporation.  Each  Director  shall  have  one  vote  in  all  matters  determined  by  the  Board  of 
Directors. 

(g)  Financing  of  Corporation. 

(1 ) The  total  authorized  capital  stock  of  the  Corporation  shall  be  500  million  dol- 
lars, consisting  of  live  thousand  shares  of  the  value  ol  $100,000.00  each.  Such 
stock  shall  lx-  of  one  c lass,  shall  be  nonassessable,  and  shall  be  issued  only  for 
cash  fully  paid.  Stock  held  by  owning  carriers  shall  not  be  transferable,  exce  pt 
with  the  approval  of  the  Commission,  and  then  only  to  other  communica- 
tions common  carriers  determined  by  the  Commission  to  be  eligible  to  par- 
ticipate  in  the  ownership  of  the  Corporation. 

(2)  The  minimum  amount  of  stock  which  shall  be  held  by  an  owning  carrier  shall 

be  five  shares. 

POWERS  OF  CORPORATION 

Sec.  403.  The  Corporation  shall  have  perpetual  succession,  and  shall  have  power  to  do  any 
and  all  things  necessary  and  proper  to  carry  out  the  object  and  purposes  of  the 
Corporation,  including,  without  limitation  thereto,  the  following — 

(a)  to  acquire,  hold,  own,  mortgage,  lease,  and  dispose  of  real  and  personal  proper- 
ty, of  every  class  and  description  and  without  limitation  as  to  place; 

(b)  to  lease  channels  to  authorized  users  of  the  communications  satellite  system; 

(c)  to  conduct  research  and  development; 

(d)  to  enter  into,  make  and  perform  contracts  and  agreements  of  every  kind  and 
description  with  any  person,  firm,  association,  corporation,  municipality,  county,  state, 
body  politic,  or  government  or  colony  or  dependency  thereof. 

(e)  to  sue  and  he  sued; 

(ij  to  accept  unconditional  gifts  of  services,  money  or  property,  and  legacies  and 

devises;  . . 

(g)  to  adopt  and  alter  a corporate  seal  and,  subject  to  prior  approval  ol  the 

Commission,  by-laws  not  inconsistent  with  the  laws  of  the  United  States  or  of  any  State; 

(h)  to  establish  and  maintain  offices  and  facilities  for  the  conduct  of  the  affairs  of  llu 
Corporation  in  the  District  of  Columbia  and  in  the  several  states  and  territories  of  the 
United  States,  and  in  foreign  countries;  and 

(i)  to  purchase,  hold,  sell,  and  transfer  the  shares  of  its  own  capital  slock. 

m RELATIONSHIP  BETWEEN  THE  CORPORATION  AND 

THE  NATIONAL  AERONAUTICS  AND  SPACE  ADMINIS  4RA4  ION 

Sec.  404.  (a)  The  Administration  shall  be  responsible  for — 

(1)  furnishing  launch  vehicles  required  for  the  communications  satellite  system 
on  a schedule  which  will  facilitate  the  economical  and  ef  ficient  development 
and  operation  of  the  system; 

(2)  launching  the  satellites,  and  furnishing  launch-crew  and  associated  services; 

(3)  consulting  with  the  Corporation  on  the  technical  specifications  for  satellites 
and  earth  terminal  station,  and  on  the  number  and  location  of  such  stations; 
and 
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(b)  The  Senate  Committee  on  Aeronautical  and  Space  Sciences  in d n 
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Attached  for  possible  reference  is  my  recent  testimony  <>n  the  major  changes  made  in 
your  bill  and  some  of  the  major  aspects  of  the  proposed  legislation. 

| hand-signed]  E.C.  Welsh 


Attachment 


Document  1-18 

Public  Law  87-024 
87th  Congress,  H.R.  1 1040 
August  81,  1962 

An  Act 


7t>  STAT.  419 

To  provide  for  the  establishment,  ownership,  operation,  and  regulation  of  a 
commercial  communications  satellite  system,  anti  tor  othei  pm  poses. 

lie  it  enacted  h the  Senate  and  House  of  Representatives  of  the  United  States  of  America  in 
( '.o tigress  assembled , 

n n.E  l SHORT  TITI.E,  DE<  '.I  j\ RATION  OF  POLICY  AND  DEFINITIONS 

SHORT  TITLE 

SEC.  101.  This  act  may  be  cited  as  the  “Communications  Satellite  Communications  Act  ol 
1002”  [c  itation  in  margin:  “Communication  Satellite  Act  ol  1902  [. 

DECLARATION  OF  POLICY  AND  PURPOSE 

SFC  102  (a)  The  Congress  hereby  declares  that  it  is  the  policy  of  the  United  States  to 
establish"  ill  conjunction  and  in  cooperation  with  other  countries,  as  expeditiously  practi- 
cable a commercial  communications  satellite  system,  as  part  of  an  improved  global  com- 
munications network,  which  will  be  responsive  to  public  needs  and  national  objectives 
which  will  serve  the  communication  needs  of  the  United  Slates  and  other  countries,  ant 

which  will  contribute  to  world  peace  and  understanding. 

(b)  The  new  and  expanded  telecommunication  services  are  to  be  made  available  as 
promptly  as  possible  and  are  to  be  extended  to  provide  global  coverage  at  the  earliest 
practicable  dale.  Ill  effectuating  this  program,  care  and  attention  will  be  directed  towaid 
providing  such  services  to  economically  less  developed  countries  and  areas  as  well  as  those 
more  highly  developed,  toward  efficient  and  economical  use  of  the  electromagnetic  fre- 
quency spectrum,  and  toward  the  reflection  of  the  benefits  of  this  new  technology  m both 

quality  of  services  and  charges  for  such  services. 

(c)  In  order  to  facilitate  this  development  and  to  provide  lor  the  widest  possible  pat - 
ticipalion  bv  private  enterprises  United  States  participation  in  the  global  system  shall  be 
in  the  form  of  a private  corporation,  subject  to  appropriate  governmental  regulation.  It  is 
the  intent  of  Congress  that  all  authorized  users  shall  have  nondisci  unmalory  access  to  the 
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system;  that  maximum  competition  he  maintained  in  the  provision  of  equipment  and  ser- 
vices utilized  by  the  system;  that  the  corporation  c reated  under  this  Act  be  so  organized 
and  operated  as  to  maintain  and  strengthen  competition  in  the  provision  of  communica- 
tions services  to  the  public;  and  that  the  activities  of  the  corporation  created  under  this 
Act  and  or  the  persons  or  companies  participating  in  the  ownership  of  the  corporation 
shall  be  consistent  with  the  Federal  antitrust  laws. 

(d)  It  is  not  the  intent  of  Congress  by  this  Act  to  preclude  the  use  of  the  communi- 
cations satellite  system  for  domestic  communication  services  where  consistent  with  the 
provisions  of  this  Act  nor  to  preclude  the  creation  of  additional  communications  satellite 
systems,  if  required  to  meet  unique  governmental  needs  or  if  otherwise  required  in  the 
national  interest. 


DEFINITIONS 


SEC. 


103.  As  used  in  this  Act.  and  unless  the  context  otherwise  requires- 

(1)  the  term  "communications  satellite  system”  refers  to  a system  of  rommunica- 
Itons  satellites  in  space  whose  purpose  is  to  relay  telecommunication  infor- 
mation between  satellite  terminal  stations,  [2]  together  with  such  assoc  iated 
equipment  and  facilities  for  trac  king,  guidance,  control,  and  command  fi 
lions  as  at  e not  part  of  the1  generalized  launching,  tracking,  control,  and  c 
ntand  facilities  for  all  space  purposes; 

(2)  the  term  "satellite  terminal  station”  refers  to  a complex  of  communication 
equipment  located  on  the  earth's  surfac  e,  operationally  connected  with  one 
or  more  terrestrial  communication  systems,  and  capable  of  transmitting 
telecommunications  to  or  receiving  telecommunications  f rom  a communica- 
tions satellite  system. 


uno 

om- 


(3) 

(4) 


((>) 

(7) 


the  term  “communications  satellite”  means  an  earth  satellite  which  is  inten- 
tionally used  to  relay  telecommunication  information; 

the  term  “associated  equipment  and  facilities”  refers  to  facilities  other  than 
satellite  terminal  stations  and  communications  satellites,  to  Ik*  constructed 
and  operated  for  the  primary  purpose  of  a communications  satellite  system 
whether  for  administration  and  management,  for  research  and  development’ 
or  for  direct  support  of  space  operations; 

the  term  “research  and  development”  refers  to  the  conception,  design,  and 
first  creation  of  experimental  or  prototype  operational  devices  for  the  opera- 
tion of  a communications  satellite  system,  including  the  assembly  of  separate 
components  into  a working  whole,  as  distinguished  from  the  term  “produc- 
tion,” which  relates  to  the  construction  of  such  devices  to  fixed  specifications 
compatible  with  repetitive  duplication  for  operational  applications; 
the  term  telecommunication”  means  any  transmission  emission  or  reception 
of  siKns’  signals,  writings,  images,  and  sounds  or  intelligence  of  any  nature  by 
wire,  radio,  optical,  or  other  electromagnetic  systems; 

the  term  “communications  common  carrier”  has  the  same  meaning  as  the 
term  “common  carrier”  has  when  used  in  the  Communications  Act  of  1934, 
as  amended,  and  in  addition  includes,  but  only  for  purposes  of  sections  303 
and  304  [citation  in  margin:  “48  Stat.  1064;  47  USC  609”],  any  individual, 
partnership,  association,  joint-stock  company,  trust,  corporation,  or  other 
entity  which  owns  or  controls,  directly  or  indirectly,  or  is  under  direct  or  indi- 
rect common  control  with,  any  such  carrier;  and  the  term  “authorized  carri- 
er, except  otherwise  provided  for  purposes  of  section  304  by  section  304  (b) 
(1 ),  means  a communications  common  carrier  which  has  been  authorized  by 
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(ho  Federal  Communications  (Commission  under  the  (Communications  Act  of 
1934,  as  amended,  to  provide  services  hv  means  of  communications  satellites; 

(8)  the  term  “corporation”  means  the  corporation  authorized  by  title  111  of  this 
Act. 

(9)  the  term  “Administration”  means  the  National  Aeronautics  and  Space 
Administration;  and 

(10)  the  term  “(Commission”  means  the  Federal  (Communications  (Commission. 

[31  TITLE  II — FEDERAL  (COORDINATION,  PIANNING,  AND  REGULATION 

IMPLEMENTATION  OF  POLICY 

SEC.  201.  In  order  to  achieve  the  objectives  and  to  carry  out  the  purposes  of  this  Act — 

(a)  the  President  shall — 

(1)  aid  in  the  planning  and  development  and  foster  the  execution  of  a national 
program  for  the  establishment  and  operation,  as  expeditiously  as  possible,  of 
a commercial  communications  satellite  system; 

(2)  provide  for  continuous  review  of  all  phases  of  the  development  and  operation 
of  such  a system,  including  the  activities  of  a communications  satellite  corpo- 
ration authorized  under  title  III  of  this  Act; 

(3)  coordinate  the  activities  of  governmental  agenc  ies  with  responsibilities  in  the 
field  of  telecommunication,  so  as  to  [e]nsure  that  there1  is  lull  and  effective 
compliance  at  all  times  with  the  policies  set  forth  in  this  Act; 

(4)  exercise  such  supervision  over  relationships  of  the  corporation  with  foreign 
governments  or  entities  or  with  international  bodies  as  may  be  appropriate*  to 
assure  that  suc  h relationships  shall  be  consistent  with  the  national  interest 
and  foreign  policy  of  the*  United  States; 

(5)  | e Insure  that  timely  arrangements  are  made  under  which  there  can  be  for- 
eign participation  in  the  establishment  and  use  of  a communications  satellite 
system; 

(b)  take  all  necessary  steps  to  [e]nsure  the  availability  and  appropriate  utilization 
of  the  communications  satellite  system  for  general  governmental  purposes 
except  where  a separate  communications  satellite  system  is  required  to  meet 
unique  governmental  needs,  or  is  otherwise  required  in  the  national  interest; 
and 

(7)  so  exercise  his  authority  as  to  help  attain  coordinated  and  efficient  use  of  the 
electromagnetic  spectrum  and  the  technical  compatibility  of  the  system  with 
existing  communications  facilities  both  in  the  United  States  and  abtoad. 

(b)  the  National  Aeronautics  and  Space  Administration  shall — 

(1)  advise  the  Commission  on  technical  characteristics  of  the  communications 
satellite  system; 

(2)  cooperate  with  the  corporation  in  research  and  development  to  the  extent 
deemed  appropriate  by  the  Administration  in  the  public  interest; 

(3)  assist  the  corporation  in  the  conduct  of  its  research  and  development  pro- 
gram by  furnishing  to  the  corporation,  when  requested,  on  a reimbursable 
basis,  such  satellite  launching  and  associated  services  as  the  Administration 
deems  necessary  for  the  most  expeditious  and  economical  development  of 
the  communications  satellite  system; 

(4)  consult  with  the  corporation  with  respect  to  the  technical  characteristics  of 
the  communications  satellite  system; 

(5)  furnish  to  the  corporation,  on  request  and  on  a reimbursable  basis,  satellite 
launching  and  associated  services  required  for  the  establishment  operation, 
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and  maintenance  of  the  communications  satellite  system  approved  by  the 
Commission;  and 

(4 1 (6)  to  the  extent  feasible,  furnish  other  services,  on  a reimbursable  basis,  to  the  cor- 

poration in  connection  with  the*  establishment  and  operation  of  the  system. 

(c)  the  Federal  Communications  Commission,  in  its  administration  of  the  provisions 
of  the  Communications  Ac  t of  1984,  as  amended,  and  as  supplemented  by  this  Act,  shall 
(citation  in  margin;  “48  Stat.  1064;  47  II SC  609”] — 

(1)  fejnsure  effective  competition,  including  the  use  of  competitive  bidding 
where  appropriate,  in  the  procurement  by  the  corporation  and  communica- 
tions common  carriers  of  apparatus,  equipment,  and  services  required  for 
the  establishment  and  operation  of  the  communications  satellite  system  and 
satellite  terminal  stations;  and  the1  Commission  shall  consult  with  the  Small 
Business  Administration  and  solicit  its  recommendations  on  measures  and 
procedures  which  will  ((‘Insure  that  small  business  concerns  are  given  an 
equitable  opportunity  to  share  in  the  procurement  program  of  the  corpora- 
tion for  property  and  services,  including  but  not  limited  to  research,  devel- 
opment, construction,  maintenance,  and  repair; 

(2)  (ejnsure  that  all  present  and  future  authorized  carriers  shall  have  nondis- 
criminatorv  use  of,  and  equitable  access  to,  the  communications  satellite  sys- 
tem and  satellite  terminal  stations  under  just  and  reasonable  charges, 
classifications,  practices,  regulations,  and  other  terms  and  conditions  and 
regulate  the  manner  in  which  available  facilities  of  the  system  and  stations  are 
allocated  among  such  users  thereof; 

(8)  in  any  case  where  the  Secretary  of  State,  after  obtaining  the  advice  of  the 
Administration  as  to  technical  feasibility,  has  advised  that  commercial  com- 
munication to  a particular  foreign  point  by  means  of  the  communications 
satellite  system  and  satellite  terminal  stations  should  be  established  in  the 
national  interest,  institute  forthwith  appropriate  proceedings  under  section 
214  (d)  of  the  Communications  Act  of  1984,  as  amended  (citation  in  margin: 
*?>7  Stat.  12;  47  USC  214”),  to  require  the  establishment  of  such  communica- 
tion by  the  corporation  and  the  appropriate  common  carrier  or  carriers; 

(4)  [e Insure  that  facilities  of  the  communications  satellite  system  and  satellite 
terminal  stations  are  technically  compatible  and  interconnected  operational- 
ly with  each  other  and  with  existing  communications  facilities; 

(5)  prescribe  such  accounting  regulations  and  systems  and  engage  in  such 
ratemaking  procedures  as  will  [ejnsure  that  any  economies  made  possible  by 
a communications  satellite  system  are  appropriately  reflected  in  rates  for  pul)- 
lic  communication  services; 

(6)  approve  technical  characteristics  of  the  operational  communications  satellite 
system  to  be  employed  by  the  corporation  and  of  the  satellite  terminal  sta- 
tions; 

(7)  grant  appropriate  authorizations  for  the  construc  tion  and  operation  of  eac  h 
satellite  terminal  station,  either  to  the  corporation  or  to  one  or  more  autho- 
rized carriers  or  to  the  corporation  and  one  or  more  such  carriers  jointly,  as 
will  best  serve  the  public  interest,  convenience,  and  nec  essity.  In  determining 
the  public  interest,  convenience,  and  necessity  the  Commission  shall  autho- 
rize the  construction  and  operation  of  such  stations  by  communications  com- 
mon carriers  or  the  corporation,  without  preference  to  either; 

(8)  authorize  the  corporation  to  issue  any  shares  of  capital  slock,  exc  ept  the  ini- 
tial issue  of  capital  stock  referred  to  in  section  804  (a),  or  to  borrow  any  mon- 
eys, or  to  assume  any  (5J  obligation  in  respect  of  the  securities  of  any  other 
pei son,  upon  a finding  that  such  issuance,  borrowing,  or  assumption  is  com- 
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patihle  with  thv  public  interest,  convenience,  and  necessity  and  is  necessary 
or  appropriate  for  or  consistent  with  carrying  out  die  purposes  and  objectives 
of  this  Act  by  the  corporation; 

(9)  [(-Insure  that  no  substantial  additions  arc  made  by  the  corporation  or  carriers 
with  respect  to  facilities  ol  the  system  or  satellite  terminal  stations  unless  such 
additions  are  required  by  the  public  interest,  convenience,  and  necessity; 

(10)  require,  in  accordance  with  the  procedural  requirements  of  section  214  of 
the  (.ominunicalions  Act  of  1934,  as  amended  [citation  in  margin:  “57  Stilt. 
I I;  47  USC  214”),  that  additions  be  made  by  the  corporation  or  carriers  with 
respect  to  facilities  of  the  system  or  satellite  terminal  stations  where  such 
additions  would  serve  the  public  interest,  convenience,  and  necessity:  and 

(11)  make  t tiles  and  regulations  to  carry-  out  the  provisions  of  this  Act. 

TlTIl  III— CREATION  OF  A COMMUNICATIONS  SATELLITE  CORPORATION 
CREATION  OF  CORPORATION 

SIX..  301.  Ihete  is  heteby  authorized  to  be  created  a communications  satellite  corpora- 
tion for  profit  which  will  not  be  an  agency  or  establishment  of  the  United  Stales 
(government.  The  corporation  shall  be  subject  to  the  provisions  of  this  Act  and,  to  the 
extent  consistent  with  this  Act,  to  the  District  of  Columbia  Business  Corporation  Act.  The 
right  to  repeal,  alter,  or  amend  this  Act  at  any  time  is  expressly  reserved  | citation  in  mar- 
gin: "(>H  Stat.  177;  D.C.  Code  29-901”). 

PROCESS  OF  ORGANIZATION 

SEC  302.  I he  President  of  the  United  States  shall  appoint  incorporators,  by  and  with  the 
advice  and  consent  of  the  Senate,  who  shall  serve  as  the  initial  board  of  directors  until  the 
first  annual  meeting  of  stockholders  or  until  their  successors  are  elec  ted  and  qualified. 
Such  incorporators  shall  arrange  for  an  initial  stock  offering  and  take  whatever  other 
ac  tions  are  necessary  to  establish  the  corporation,  including  the  filing  of  articles  of  incor- 
poration, as  approved  by  the  President. 

DIRECTORS  AND  OFFICERS 

SEC.  303.  (a)  1 he  corporation  shall  have  a board  of  directors  consisting  of  individuals 
who  are  citizens  ol  the  United  States,  of  whom  one  shall  be  elected  annually  by  the  board 
to  serve  as  chairman.  Three  members  of  the  board  shall  be  appointed  bv  the  President  of 
the  l inted  States,  by  and  with  the  advice  and  consent  of  the  Senate,  effective  tin-  date  on 
whic  It  the  othei  members  ate  elected,  and  for  terms  of  three  years  or  until  their  succes- 
sors have  been  appointed  and  qualified,  except  that  the  first  three  members  of  the  board 
so  appointed  shall  continue  in  of  fice  for  terms  of  one,  two,  and  three  years,  respectively, 
and  any  member  so  appointed  to  fill  a vacancy  shall  be  appointed  only  for  the  unexpired 
let  in  ol  the  director  whom  he  succeeds.  Six  members  of  the  board  shall  be  elec  ted  annu- 
ally by  those  stockholders  who  are  communications  common  carriers  and  six  shall  be 
elec  led  annually  by  the  other  stockholders  of  the  corporation.  No  stockholder  who  is  a 
communications  common  carrier  and  no  trustee  for  such  a stockholder  shall  vote,  either 
directly  or  indirectly,  through  the  votes  of  subsidiaries  or  affiliated  companies,  nominees, 
ot  any  pci  sons  subject  to  [fi|  his  direction  or  control,  for  more  than  three  candidates  for 
membership  on  the  board.  Subjec  t to  such  limitation,  the  articles  of  incorporation  to  be 
hied  by  the  incorporators  designated  under  section  302  shall  provide  for  cumulative  vot- 
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ing  under  section  27  (d)  of  the  District  of  Columbia  Business  Corporation  Act  (D.C. 
Code,  sec.  29-91  \ (d) ) j citation  in  margin:  “68  Slat.  191"]. 

(b)  The  corporation  shall  have  a president,  and  such  other  oiheers  as  may  be  named 
and  appointed  bv  the  board,  at  rates  of  compensation  fixed  by  the  board,  and  serving  at 
the  pleasure  of  the  board.  No  individual  other  than  a citizen  of  the  United  States  may  l)e 
an  officer  of  the  corporation.  No  officer  of  the  corporation  shall  receive  any  salary  from 
any  source  other  than  the  corporation  during  the  period  of  his  employment  by  the  <01- 
poration. 

FINANCING  OFTHK  CORPORATION 

SF.C  $04.  (a)  The  corporation  is  authorized  to  issue  and  have  outstanding,  in  such 
amounts  as  it  shall  determine,  shares  of  capital  stock,  without  par  value,  which  shall  carry 
voting  rights  and  be  eligible  for  dividends.  The  shares  of  such  stock  initially  offered  shall 
be  sold  at  a price  not  in  excess  of  $100  for  each  share  and  in  a manner  to  encourage  the 
widest  distribution  to  the  American  public.  Subject  to  the  provisions  of  subsections  (b) 
and  (d)  of  this  section,  shares  of  stock  of  fered  under  this  subsection  may  Ire  issued  to  and 

held  bv  any  person.  1 . 

(b)  (I)  For  the  purposes  of  this  section  the  term  “authorized  carrier  |note  in  mai- 
gin:  “Authorized  carrier’’]  shall  mean  a communications  common  carnet 
which  is  specifically  authorized  or  which  is  a member  of  a class  of  c arriers 
authorized  by  the  Commission  to  own  shares  of  stock  in  the  corporation 
upon  a finding  that  such  ownership  will  be  consistent  with  the  public  inter- 
est.  convenience,  and  necessity. 

(2)  Only  those  communications  common  carriers  which  are  authorized  carneis 
shall  own  shares  of  stock  in  the  corporation  at  any  time,  and  no  other  com- 
munications  common  carrier  shall  own  shares  either  directly  or  indirectly 
through  subsidiaries  or  affiliated  companies,  nominees,  or  any  persons  sub- 
ject to  its  direction  or  control.  Fifty  per  centum  of  the  shares  of  stock  autho- 
rized for  issuance  at  any  time  by  the  corporation  shall  be  reserved  for 
purchase  by  authorized  carriers  and  such  carriers  shall  m the  aggregate  be 
entitled  to  make  purchases  of  the  reserved  shares  in  a total  number  not 
exceeding  the  total  number  of  the  nouroserved  shares  of  any  issue  purchased 
by  other  persons.  At  no  time  after  the  initial  issue  is  completed  shall  the 
aggregate  of  the  shares  of  voting  stoc  k of  the  corporation  owned  by  autho- 
rized carriers  directly  or  indirectly  through  subsidiaries  or  affiliated  compa- 
nies, nominees,  or  any  persons  subject  to  their  direction  or  control  ext  t ed  of) 
per  centum  of  such  shares  issued  and  outstanding. 

(3)  At  no  time  shall  any  stockholder  who  is  not  an  authorized  carrier,  or  any  syn- 
dicate or  affiliated  group  of  such  stockholders,  own  more  than  1 0 pel  t entuin 
of  the  shares  of  voting  sloc  k of  the  corporation  issued  anti  outstanding. 

(c)  I he  corporation  is  authorized  to  issue,  in  addition  to  the  stock  authorized  by  sub- 
section (a)  of  this  section,  nonvoting  securities,  bonds,  debentures,  and  other  certificates 
of  indebtedness  as  it  mav  determine.  Such  nonvoting  securities,  bonds,  debentures,  or 
other  certificates  of  indebtedness  of  the  corporation  as  a communications  common  car- 
rier mav  own  shall  be  eligible  for  inclusion  in  the  rate  base  of  the  carrier  to  the  extent 
allowed  by  the  Commission.  The  voting  [7]  stock  of  the  corporation  shall  not  be  eligible 

tor  inc  lusion  in  tlu*  rate  base  of  the  carrier. 

(d)  Not  more  than  an  aggregate  of  20  per  centum  of  the  shares  ol  stock  of  the  cor- 
poration authorized  by  subsection  (a)  of  this  section  which  are  held  by  holders  other  than 
authorized  carriers  may  be  held  by  persons  of  the  classes  described  in  paragraphs  (1  )»Ub 
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(3),  (4),  and  (5)  of  sec  tion  310  (a)  of  the  Communications  Art  of  1034,  as  amended  (47 

IISC  310)  f citation  in  margin:  “48  Stat.  108”1«  . _ , . . „ 

' '(e)  The  requirement  of  section  45  (h)  of  the  District  of  Colnmb. a Business 
Corporation  Act  (1).C.  Code,  se  c . 20-920  (I)))  as  to  the  percentage  of  stock  w itch  a . slot  k- 
holder  must  hold  in  order  to  have  the  rights  of  inspection  and  copying  set  lo.th  in  that 
subsection  shall  not  lie  applic  able  in  the  case  of  holders  of  the  stock  of  the  coipoiatio  , 
and  they  may  exercise  suc  h rights  without  regard  to  the  percentage  of  stock  h<  ^ 

(H  Upon  application  to  the  Commission  by  any  authorized  carrier  and  aftci  notice 
and  hearing,  the  ( lommission  may  compel  any  other  authorized  earner  which  owns  shares 
of  stock  in  the  corporation  to  transfer  to  the  applicant,  for  a fair  and  reasonable  cons, del- 
ation a number  of  such  shares  as  the  ( lommission  determines  will  advanc  e the  public  m 
est  and  the  purposes  of  this  Act.  In  its  determination  with  respect  to  ownership  of  shales 
of  s,‘ wk  in  the  corporation,  the  Commission,  whenever  consistent  with  the  public  interest, 
shall  promote  the  widest  possible  distribution  of  stock  among  the  authorized  c arriers. 

PURPOSES  AND  POWERS  OF  THE  CORPORA  I ION 

SK( ;.  305.  (a)  In  order  to  achieve  the  objectives  and  to  carry  out  the  purposes  of  this  Act, 

tlu‘  corporation  is  authorized  lo  _ 

(1)  plan,  initiate,  construct,  own,  manage,  and  operate  itself  or  m conjunction 
with  foreign  governments  or  business  entities  a commerc  ial  communications 

satellite  system;  , . , _ 

(2)  furnish,  for  hire,  channels  of  communication  to  United  States  communica- 
tions common  carriers  and  to  other  authorized  entities,  foreign  and  dome* 

(3)  owt^and  operate  satellite  terminal  stations  when  licensed  by  the  Commission 
under  section  201  (c)  (7). 

(b)  Included  in  the  activities  authorized  to  the  corporation  for  accomplishme  nt  of 
the  purposes  indicated  in  subsection  (a)  of  this  section,  are,  among  others  not  spccihcal- 

'y  "M"vd-  t((  (.()ndm.,  or  <onlnul  I,,,  research  and  development  related  to  its  mission; 

(2)  to  acquire-  the  physical  facilities,  equipment  and  devices  neeessai  y to  ns  ojk  i- 
ations,  including  communications  satellites  and  associated  equipment  and 
facilities,  whether  by  construction,  purchase,  or  gift; 

(3)  to  purchase  satellite  launching  and  related  services  from  the  United  States 

Government;  , „ 

(4)  to  contract  with  authorized  users,  including  the  United  States  Government, 

for  the  services  of  the  communications  satellite  system;  and 

(5)  to  develop  plans  for  the  technical  specifications  of  all  elements  of  the  com- 

in  imitations  satellite  system.  , 

(c)  To  carry  out  the  foregoing  purposes,  the  corporation  shall  have  the  usual  powe  . 
conferred  upon  a stock  corporation  by  the  District  of  Columbia  Business  Corporation  Act 
| citation  in  margin:  “68  Stat.  17;  D.C.  (.ode  29-901  ]• 
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title  IV— miscellaneous 

APPLICABILITY  OF  COMMUNICATIONS  ACT  OF  1934 


SEC.  401.  The  corporation  shall  be  deemed  to  be  a common  carrier  within  the.  ic^mng 
of  section  3 (h)  of  !be  Communications  Act  of  1934,  as  amended,  and  as  such  shall Ibc  fully 
subject  to  the  provisions  of  title  II  and  title  III  of  that  Act  [elation  m margin;  48  Star 
lOfilv  47  USC  153;  48  Slab  1070;  Ante,  p.  64;  47  USC  201-222.  301-39/  1.  The  provision  of 
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satrlhte  terminal  station  facilities  by  one  communication  common  carrier  to  one  or  more 
ot  tor  communications  common  carriers  shall  be  deemed  to  be  a common  carrier  activi- 

h s'?,*1!  n?  tW  U'  (:°m"Ulni:at‘0nS  An  Whtrlewi  the  application  of  the  provisions  of 
this  Act  shall  be  inconsistent  with  the  application  of  the  provisions  of  the  Communications 
Ad,  the  provisions  of  tins  Act  shall  govern. 

NOTICE  OF  FOREIGN  BUSINESS  NEGOTIATIONS 

SEC;  402.  Whenever  the  corporation  shall  enter  into  business  negotiations  with  respect  to 
facilities,  operations,  or  services  authorized  by  this  Act  with  any  international  or  foreign 
o'!;'.,  ;.ha'!  notlt>  ,,e  Apartment  of  State  of  the  negotiations,  and  the  Department  of 
. . k shall  advise  the  corporation  of  relevant  foreign  policy  considerations.  Throughout 
such  negotiations  the  corporation  shall  keep  the  Department  of  State  informed  with 
usptct  to  such  considerations.  The  corporation  may  request  the  Department  of  State  to 
assist  m the  negotiations,  and  that  Department  shall  render  such  assistance  as  mac  In- 
appropriate. 

SANCTIONS 

SF.C.  403.  (a)  If  the  corporation  created  pursuant  to  this  Act  shall  engage  in  or  adhere  to 
nr  i rr  »rpo\ivics  "1Consis,em  wi,h  P<>Ii<7  and  purposes  declared  in  sec- 

h A "I  n r ' COrp<>ration  or  a,,y  Mher  Person  shall  violate  any  provision 
f this  Ac  t,  oi  shall  obsti  net  or  interfere  with  any  activities  authorized  by  this  Act  or  shall 

refuse,  fail,  or  neglect  to  discharge  his  duties  and  responsibilities  under  this  Act,  or  shall 
till  eaten  any  such  violation,  obstruction,  interference,  ref  usal,  failure,  or  neglect  the  dis- 
ti itt  court  ol  the  United  States  for  any  district  in  which  such  corporation  or  other  person 
resides,  or  may  be  found  shall  have  jurisdiction,  except  as  otherwise  prohibited  bv  law 
upon  petition  of  the  Attorney  General  of  the  United  States,  to  grant  such  equitable  relief 
as  may  be  necessary  or  appropriate  to  prevent  or  terminate  such  conduct  or  threat 

(b)  Nothing  contained  in  this  section  shall  be  construed  as  relieving  any  person  of 
any  punishment,  liability,  or  sanction  which  may  be  imposed  otherwise  than  under  this 

(c)  It  shall  be  the  duty  of  the  corporation  and  all  communications  common  carriers 

to  comply,  insofar  as  applicable,  with  all  provisions  of  this  Act  and  all  rules  and  regulations 
promulgated  thereunder.  h 


REPORTS  TO  HIE  CONGRESS 

SE(  404.  (a)  The  President  shall  transmit  to  the  Congress  in  January  of  each  year  a report 

riiirincrS.l,a  ""  "r‘‘  11  <<>l'll)l<'l><msive  description  of  the  activities  and  accomplishments 
dm  mg  the  preceding  calendar  year  under  the  national  program  referred  to  in  section  20 1 
(a)  ( ).  togethei  with  an  evaluation  of  such  activities  and  accomplishments  in  terms  of  the 
a tainmenl  of  the  objectives  of  this  Act  and  any  recommendations  for  additional  legisla- 
\t  ot  olhei  at  noil  which  the  President  may  consider  necessary  or  desirable  for  the  attain- 
ment  of  such  objectives. 

(!»]  (b)  I he  corporation  shall  transmit  to  the  President  and  the  Congress,  annually  and 
at  such  other  limes  as  it  deems  desirable,  a comprehensive  and  detailed  report  of  its  oper- 
ations,  activities,  and  accomplishments  under  this  Act. 

(c)  The  Commission  shall  transmit  to  the  Congress,  annually  and  at  such  other  times 
as  i deems  desirable,  (i)  a report  of  its  activities  and  actions  on  anticompetitive  practices 
as  they  apply  to  the  communications  satellite  programs;  (ii)  an  evaluation  of  such  activi- 
ties and  actions  taken  by  it  within  the  scope  of  its  authority  with  a view  to  recommending 
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siK  h additional  legislation  which  the  (Commission  may  consider  necessary  in  the  public 
intere  st;  and  (iii)  an  evaluation  of  the  capital  structure  of  the  corporation  so  as  to  assure 
the  (Congress  that  such  structure  is  consistent  with  the  most  efficient,  and  economical 
operation  of  the  corporation. 

Approved  August  81,  1962,  9:51  a.m. 


Document  1-19 

Document  title:  Edward  A.  Bolster,  Department  of  State,  to  Mr.  Johnson,  Memorandum, 
“Space  Communication,”  May  3,  1962,  with  attached:  “Role  of  the  Department  of  State  in 
Space  Communication  Development.” 

Source:  Record  Group  59,  General  Records  of  the  Department  of  State,  Archives  II, 
National  Archives  and  Records  Administration,  College  Park,  Maryland. 


A s the  debate  over  the  organization  and  ownership  of  the  U.S.  communications  satellite  system  heal- 
ed up  in  mid- 1 962,  the  question  of  the  relationship  of  that  system  to  the  rest  of  the  world's  communi- 
cations entities  was  also  beginning  to  be  addressed.  This  internal  State  Department  memorandum 
summarizes , for  an  official  of  the  Department  \ Economic  Bureau  (organizational  code  “E”),  the  state 
of  affairs  in  May  1962. 


Memorandum 


TO:  E - Mr.  Johnson  DATE:  May  3,  1962 

FROM:  TR(  ’ - Edward  A.  Bolster 

SUBJECT:  Space*  (Communication 

The  attached  materia]  summarizes  the  Department’s  interest  and  responsibilities  in 
the  spare  communications  field.  As  you  know,  Phil  Farley’s  office  (Special  Assistant  for 
Atomic  Energy  and  Outer  Spare)  is  to  be  abolished  soon;  responsibility  within  the* 
Department  for  communication  satellite  matters  will  probably  be  transferred  to  E.  I sug- 
gest that  you  obtain  Mr.  Farley’s  comments  on  this  subject  within  the  next  few  days,  since 
he  will  be  leaving  in  the  near  future  for  his  assignment  in  Paris. 

Dr.  Irvin  Stewart,  Director  of  Telecommunications  Management,  wishes  to  meet  with 
you  as  soon  as  possible  to  discuss  your  mutual  interest  in  certain  aspects  of  communica- 
tions polic  y.  I sugge  st  that  you  arrange  such  a meeting  soon  and  that  we  brief  you  orally 
in  advance. 

You  will  recall  that  Senator  Pasture  told  Under  Secretary  McGhee  that  he*  would  like* 
to  meet  with  you  at  your  convenience  to  discuss  the  Department’s  handling  of  communi- 
cations policy  matters. 


86 


Thk  History  of  Sai  fi  i.u  k Communications 


[ attach ment,  page  l ] 

Role  of  the  Department  of  State  in  Space 
Communication  Development 

One  of  the  earliest  instances  of  the  Department’s  participation  in  space  communica- 
tion problems  was  in  the  preparation  for  and  participation  in  the  1958  Los  Angeles 
Assembly  of  the  International  Radio  Consultative  Committee  (CCIR)  at  which  significant 
technical  recommendations  were  formulated,  particularly  with  regard  to  problems  of 
radio  frequency  selection  and  use  by  such  systems.  During  this  time  and  immediately  fol- 
lowing that  meeting,  those  concerned  with  regulatory  problems  also  assisted  the 
Department  in  formulating  U.S.  proposals  for  the  1959  Geneva  International  Radio 
Conference.  These  proposals  were  substantially  non-con troversial,  although  they  did  elic- 
it lively  discussions  at  the  Conference  and  required  some  special  meetings  in  Washington 
during  the  Conference  in  order  to  resolve  certain  differences  involving  radio  astronomy. 
These  were  of  such  concern  that  the  Science  Advisor  to  the  President  became  involved  at 
one  point.  The  issue  related  to  the  recognition  of  space  research  as  compared  with  radio 
astronomy  in  the  international  table  of  frequency  allocations.  A reasonably  satisfactory 
solution  was  developed  in  which  the  Department  played  a major  role  in  bringing  the 
opposing  views  together. 

Following  the  Geneva  Conference  the  Department  was  immediately  involved  in  poli- 
cy development  plans  with  various  agencies.  It  worked  with  NASA  in  clearing  frequencies 
with  foreign  countries  in  connection  with  tracking  satellites,  with  the  FCC  and 
Interdepartment  Radio  Advisory  Committee  (IRAC)  in  space  frequency  use  planning, 
and  with  the  Senate  Committee  on  Aeronautical  and  Space  Sciences  in  the  issuance  on 
March  19,  I960  of  a study  of  “Radio  Frequency  Control  in  Space  Telecommunications”  by 
Dr.  Edward  Wenk,  Jr.  The  private  companies,  especially  AT&T,  were  becoming  interested 
in  the  potentialities  of  relay  by  satellite,  [handwritten  underlining]  In  fact,  the  pace 
became  so  rapid  that  it  was  necessary  on  September  50,  1960  for  the  Teleconnmm  Ration 
Coordinating  Committee  (TCC).  advisory  to  the  Department,  to  request  those  companies 
known  to  be  active  not  to  “make  any  commitments  to  foreign  entities  pending  further 
advice  as  to  the  promulgation  of  relevant  policies  which  will  guide  and  govern  such  activ- 
ities.” It  [handwritten  underlining]  then  set  up  a committee  to  develop  such  policies 
under  the  chairmanship  of  FCC  Commissioner  T.A.M.  Craven.  Membership  on  this  com- 
mittee included  those  involved  in  other  groups  also  developing  various  aspects  of  space 
communication  policy  nor  necessarily  directly  related  to  international  affairs.  For  exam- 
ple, the  I RAC/ FCC  began  developing  coordinated  views  on  the  radio  frequencies  needed 
for  operational  (as  distinct  from  research)  use  of  space.  On  December  4,  1960,  the 
[page  2,  handwritten  underlining]  Senate  Space  Committee  issued  a second  report  on 
“Policy  Planning  for  Space  Telecommunications”  largely  based  on  replies  front  Executive 
Branch  Agencies  to  inquiries  f rom  the  Committee  based  on  questions  posed  in  the  March 
report. 

Meanwhile,  the  AT&T  had  replied  on  October  21,  1960  to  the  FCC  for  authority  to 
operate  a communications  satellite  system. 

On  December  31,  1960,  President  Eisenhower  issued  a communication  satellite  poli- 
cy statement  urging  that  the  Government  aggressively  encourage  private  enterprise  in  the 
establishment  and  operation  of  a revenue  producing  system  and  directing  the  National 
Aeronautics  and  Space  Administration  to  cooperate  closely  with  the  FCC  in  facilitating 
this  objective.  In  January  1961  the  FCC  licensed  ITT  and  AT&T  for  communication  satel- 
lite experiments. 
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The  National  Aeronautics  and  Space  Council  was  reactivated  as  a result  of  an  amend- 
ment. on  April  25,  1901  to  the  1958  Space  Act  which,  among  other  things,  made  the  Vice 
President  Chairman  of  the  Council.  On  July  24,  1901,  President  Kennedy  issued  a new 
communication  satellite  policy  prepared  by  the  Council.  It  is  the  current  basic  policy  in 
the  Held  and  will  be  found  on  page's  45  and  40  of  . . . “Communication  Satellites: 
Technical,  Economic  and  International  Developments/’*  It  confirmed  the  policy  of  own- 
ership and  operations  to  be  in  private  hands  and  Government  responsibility  to  encourage 
research  developments,  provide  launching  facilities  and  exercise  regulatory  functions 
including  the  obligation  to  “examine  with  other  countries  the  most  constructive  role  for 
the  United  Nations,  including  the  ITU  (International  Telecommunications  Union)  in 
international  space  communications.  Foreign  participation  in  the  system  would  be  pro- 
vided “through  ownership  or  otherwise.”  The  Space  Council  has  the  responsibility  for  pol- 
icy coordination  and  for  making  recommendations  to  the  President  concerning  actions 
needed  “to  achieve  full  and  prompt  compliance  with  the  policy.” 

I he  TCC  Spacer  Communication  Subcommittee  had,  in  April,  formulated  an  initial 
draft  statement  of  policy  and  on  June  1,  1961,  this  was  circulated  on  an  Official  Use  Only 
basis  to  the  TCC  Members  noting  that,  because  related  studies  were  being  conducted  in 
other  areas  of  the  Executive  Branch,  the  Department  did  not  propose  further  considera- 
tion of  the  matter  at  the  time.  It  is,  however,  desirable  to  summarize  its  conclusions: 
[page  51  1.  The  development  of  communication  satellites  should  be  a national  objective 
and  immediate  action  was  required. 

2.  It  should  be  accomplished  by  joint  efforts  of  Government  and  private  enterprise. 

5.  The  new  system  should  supplement,  not  replace,  existing  systems. 

4.  It  should  be  privately  owned  and  Government  regulated. 

5.  Existing  and  future  common  carriers  should  have  non-discriminalory  access  to 
the  system. 

6.  Other  nations  should  participate  in  the  civil  system. 

7.  Flic  civil  system  should  meet  all  Government  needs  normally  provided  by  pri- 
vately owned  communication  systems. 

8.  They  should  not  be  subject  to  special  space  law. 

9.  The  International  Telecommunication  Union  should  serve  as  the  principal  inter- 
national organization  in  this  field. 

10.  Interim  installation  of  key  message  centers  is  desirable  pending  establishment  of 
direct  circuits. 

1 1.  The  possibility  of  global  TV  and  radio  relay  via  communication  satellites  should 
be  emphasized. 

Also  on  June  5,  1961  the  ECU  met  with  the  commercial  communications  carriers  in 
f urtherance  of  its  Docket  14024  regarding  the  form  of  ownership  which  might  be  appro- 
priate to  an  international  communication  satellite  system.  An  Ad  Hoc  Committee  was 
formed  which  reported  in  October  ...  in  favor  of  a joint  venture  non-profit  corporation 
with  ownership  limited  to  the  carriers,  access  by  all  carriers  needing  the  service,  and  par- 
ticipation by  foreign  carriers  “by  ownership  or  otherwise”  as  provided  in  the  President’s 
policy  of  July  24. 

On  January  1 1,  1962  Senator  Robert  Kerr,  Chairman  of  the  Senate  Space  Committee, 
introduced  a bill,  S.2650  ...  in  the  Senate  providing  for  private  ownership  and  leaving  to 
the  ECU  (which  had  stated  its  preference  for  ownership  limited  to  the  carriers)  the 
approval  of  the  owners. 


* It  may  lx“  of  interest  to  note  that  this  document  was  prepared  under  the  direction  of  Mr. 
Mac  Ouivery  of  Tl)  who  was  detailed  from  the*  Department  to  the  Senate  Spare  Committee  [rest  of  the  sentenc  e 
is  illegible  | . 
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[page  4]  Considerable  opposition  had  been  expressed  by  the  Department  of  Justice  and 
some  non-carriers  to  the  restriction  in  ownership  on  the  basis  that  this  would  form  an 
undesirable  monopoly  and  this  view  prevailed  in  the  Executive  Branch  during  the  fall  of 
1961.  The  Space  Council  coordinated  a draft  bill  which  was  forwarded  by  the  President  to 
the  Congress  and  introduced  as  S.2814  on  February  7,  1962.  ...  It  would  have  provided 
for  two  classes  of  stock,  one  of  which  could  be  purchased  by  the  general  public  and  the 
other  by  the  carriers.  A third  point  of  view  was  expressed  by  a rather  small  group  of 
Congressmen  in  favor  of  Government  ownership  of  the  system.  Congressman  William 
Fitts  Ryan  represented  this  group  and  introduced  H.R.  9907  in  support  of  this  view. 

Although  specific  legislation  was  not  introduced  until  January  1962,  hearings  had 
been  held  before  various  Congressional  committees  beginning  with  that  before  the  House 
Committee  on  Science  and  Astronautics  in  May  1961.  The  Department  testified  before 
this  Committee  and  since  then  has  testified  before  the  Senate  Commerce  Subcommittee 
on  Communications,  the  Senate  Small  Business  Subcommittee  on  Monopoly,  the  Senate 
Committee  on  Aeronautical  and  Space  Sciences,  the  Senate  Judiciary  Subcommittee  on 
Anti-trust  and  Monopoly,  the  Senate  Commerce  Committee  and  the  Subcommittee  on 
Communications  of  the  House  Committee  on  Interstate  and  Foreign  Commerce.  The 
principal  witnesses  for  the  Department  were  Under  Secretary  George  McGhee  and  Philip 
Farley,  Special  Assistant  to  the  Secretary  for  Atomic  Energy  and  Outer  Space  (S/AE). 
Primary  responsibility  in  the  Department  for  space  communications  had  been  delegated 
to  S/AE  although  representatives  of  E usually  accompanied  the  witnesses  from  the 
Department  when  they  testified,  and  S/AE  consulted  TRC  when  ITU  matters  were 
involved.  It  is  understood,  however,  that  with  the  planned  dissolution  of  S/AE,  primary 
responsibility  will  be  transferred  to  E. 

The  foregoing  discussion  has  related  primarily  to  domestic  developments.  They  are 
basic  to,  and  influence  greatly,  international  developments,  however.  In  addition  to  prepa- 
ration of  positions  for  the  CCIR  Los  Angeles  and  ITU  Geneva  Conferences,  the 
Department  is  actively  concerned  now  with  preparation  for  the  projected  ITU 
Extraordinary  Administrative  Radio  Conference  on  Space  Radiocommunications  expect- 
ed to  be  held  in  Geneva  in  the  fall  of  1968.  Frequency  proposals  have  tentatively  been 
agreed  in  the  FCC/IRAC  and  circulated  by  the  Department  to  missions  in  all  ITU 
Member  countries  as  “Preliminary  Views  of  the  U.S.  on  the  Allocation  of  Radio 
Frequencies  for  Space  Radiocommunication. ” . . . Response  to  this  effect  is  just  beginning 
to  be  significant. 

[page  5]  The  U.S.  was  host  to  an  international  meeting  of  Study  Group  IV  (on  Space)  of 
the  COIR  in  Washington  in  March  1962.  In  review  and  amplification  of  the  Los  Angeles 
actions,  further  scientific  and  technical  recommendations  were  adopted  on  various  space 
communication  problems. 

On  March  7,  1962,  the  President  sent  a letter  to  Mr.  Khrushchev  to  which  the  latter 
replied  on  March  20  concerning  cooperation  in  outer  space.  Related  talks  were  initiated 
in  New  York  on  March  27  between  Deputy  Director  Hugh  Dryden  of  NASA  and  Mr. 
Blagonravov  of  the  USSR.  Communication  satellite  cooperation  was  specifically  consid- 
ered and  it  is  expected  that  this  will  lead  to  further  contact  between  the  two  administra- 
tions in  this  particular  area. 

Perhaps  the  most  significant  and  current  international  problem  in  this  area  is  the  rela- 
tion of  space  communications  to  other  space  questions  before  the  United  Nations,  par- 
ticularly involving  the  IJ.N.  Committee  on  the  Peaceful  Uses  of  Outer  Space.  After  nearly 
two  years  of  dormancy,  at  least  partially  due  to  the  refusal  of  the  U.S.S.R.  to  participate, 
the  Committee  was  reactivated  and  given  a new  lease  on  life  in  November  1961.  On 
December  20.  1961  the  General  Assembly  adopted  unanimously  U.N.  Res.  1721  (XVI) 
dealing  with  space.  . . . Section  1)  of  that  resolution  involves  communication  satellites  and 
designates  the  ITU  as  the  responsible  agency  in  this  area.  After  noting  plans  for  the  1968 
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extraordinary  conference  it  recommends  “that  the  ITU  consider  at  this  con  Terence  those 
aspects  of' space  communication  in  whic  h international  cooperation  will  be  required.  . . .” 
(TJhis  implied  invitation  to  expand  the  agenda  of  the  EARC  beyond  consideration  of 
radio  frequency  allocations  and  is  c urrently  a controversial  issue  in  the  U.S.  The*  Bureau 
of  International  Organization  Affairs  (IO)  has  had  the  primary  responsibility  for  prepa- 
ration and  coordination  of  positions  for  the  U.N.  discussions  and  is  currently  very  inter- 
ested in  implementation  of  U.N.  Re  s.  1721  as  regards  the  ITU.  Deputy  Assistant  Secretary 
Gardner  of  IO  plans  to  participate  in  current  meetings  of  the1  Administrative  Council  of 
the*  ITU  at  Geneva  at  which  Mr.  Franc  is  Colt  de  Wolf  of  TRU  represents  the  U.S. 

In  summary,  the  principal  issues  involving  the  Department  as  regards  space  commu- 
nications at  present  arc4  (1)  development,  of  the  U.S.  position  as  regards  the  appropriate 
role  of  the  ITU  in  this  area  in  relation  to  our  obligations  under  the4  U.N.  Resolution;  (2) 
de  velopment  of  the  U.S.  positions  to  be  taken  at  the  ITU  Extraordinary  Administrative 
Radio  Conference  planned  for  1968,  in  Geneva;  [page-  6]  (8)  determination  of  the  man- 
ner in  which  to  approach  other  interested  administrations  in  the  development  of  the 
international  communication  satellite  system  (as  distinct  from  the  U.S.  position  itself)  and 
(4)  how  US/USSR  joint  efforts  in  the  development  of  communication  satellites  could  be 
moved  forward  in  accordanc  e*  with  the  Kennedy-Khrushchev  exchange*  of  letters. 

In  addition  to  the  communication  satellite  report,  attached  also  is  a statement  ol  the 
Department’s  position  presented  by  Under  Secretary  McGhee  before  the1  Subcommittee 
on  Anti-trust  and  Monopoly  of  the  Senate  Committee  on  the  Judiciary  on  March  80,  1902. 

Document  1-20 

Document  title:  Project  Telstar,  “Preliminary  Report,  Telstar  I,  July-September  1962,” 
Bell  Telephone  Laboratories,  Inc.,  1962. 

Source:  AT&T  Archives,  Warren,  New  Jersey  (used  with  permission). 

Telstar  I was  built  and  paid  for  fry  American  Telephone  and  Telegraph  Company , which  wanted  to 
investigate  the  viability  of  a communications  system  that  used  a constellation  of  medium-altitude  satel- 
lites. When  Telstar  I was  launched  on  July  10,  1962 , it  became  the  first  real-time  active  communica- 
tions satellite  and  broadcast  live  television  between  the  United  States  and  England  and  France.  ' This 
was  a considerable  advance  over  previous  experiments,  which  had  involved  only  voice  and  data  com- 
munications using  store  and  forward  satellites  such  as  Signal  Communication  fry  Orbiting  Relay 
Equipment  (SCORE)  and  Courier.  It  demonstrated  the  attractiveness  of  satellites  compared  to  undersea 
cables  for  transatlantic  communications.  But  it  also  demonstrated  the  limitations  of  a medium-altitude 
satellite , which  only  stayed  in  vine  of  a ground  station  for  a brief  amount  of  time.  Telstar  I had  a four- 
month  life  span.  The  following  are  excerjtts  of  turn  of  the  sections  of  Telstar  I s preliminary  report. 


PROJECT  TELSTAR 

Preliminary  Report 
Telstar  I 

JULY-SEPTEMBER  1962 
PREPARED  BY 

BELL  TELEPHONE  I ABO RA  TORIES,  INC. 
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1 3]  SECTION  1— OBJECTIVES  AND  EQUIPMENT  DESIGN 

INTRODUCTION 

The  feasibility  of  communicating  by  satellites  was  demonstrated  by  NASA’s  Project 
Echo  in  1960  and  also  by  Projects  Courier  and  Score.  In  March  1959,  Messrs.  J.  R.  Pierce 
and  R.  Kompfner  of  Bell  Telephone  Laboratories,  Incorporated  wrote  a paper  showing 
the  feasibility  of  an  active  broadband  satellite  communications  repeater.  This  started 
Project  Telslar. 

Objectives 

In  general  terms,  the  Telstar  Communications  Experiment  is  intended  to  advance  the 
entire  area  of  communications  by  satellite.  Specifically,  the  experiment  is  intended  to  do 
five  things. 

L The  first  objective  is  to  test  an  actual  broadband  communications  satellite.  The 
Telslar  satellite  was  originally  intended  for  experiments  in  telephony,  data  trans- 
mission, and  single-channel  television.  While  not  primarily  designed  for  two-way 
telephony,  the  system  could  provide  60  simultaneous  conversations. 

2.  A second  objective  is  to  test  the  reliability  of  electronics  equipment  in  the  satel- 
lite under  the  stress  of  launch  and  the  environment  of  space. 

3.  A third  objective  is  to  provide  measurements  of  radiation  levels  in  space;  this  f unc- 
tion is  completely  separate  from  the  communications  experiments. 

4.  A fourth  objective  is  to  provide  additional  knowledge  about  the  best  technique 
for  tracking  accurately  a moving  satellite. 

5.  A fifth  objective  is  to  provide  a real-life  test  for  the  ground-station  equipment.  . . . 

[117]  SECTION  5— CONCLUSIONS 

FUTURE  EELS I AR  PROGRAM 

The  results  which  have  been  discussed  represent  the  current  picture  of  what  we  have 
learned  in  the  field  of  satellite  communications.  A considerable  amount  of  data  has  been 
gathered  on  transmission  phenomena  and  propagation.  In  this  area  it  has  been  most  grat- 
ifying to  find  that  transmission  at  4 and  6 kmc  is  exactly  according  to  theory,  and  there 
has  been  no  fading  or  multipath  effects  that  have  been  observed.  The  transmission  of  a 
variety  of  signals  has  indicated  that  the  performance  of  the  link  can  be  completely  speci- 
fied by  the  standard  transmission  parameters. 

The  area  where  further  information  would  be  helpful  is  that  of  environment.  Here,  it 
is  important  that  we  be  able  to  characterize  the  levels  and  types  of  radiation,  the  incidence 
and  distribution  of  micrometeoroids  and  the  behavior  of  the  earth’s  magnetic  field.  The 
reliability  of  components  in  a space  environment  will  have  an  important  bearing  on  the 
economics  of  satellite  communications. 

On  the  ground  station,  continued  effort  is  being  expended  to  simplify  and  minimize 
the  equipment  required.  This  is  especially  true  in  the  area  of  satellite  tracking.  The  track- 
ing at  Andover  has  been  excellent — w ith  no  loss  of  signal  level  being  attributable  to  track- 
ing error.  However,  in  future  systems,  it  would  appear  that  greater  advantage  can  be 
derived  from  autotrack  and  that  programmed  tracking  can  be  considerably  simplified. 

To  summarize:  The  future  Telslar  Program  will  consist  of: 

1.  Further  transmission  tests  to  confirm  and  refine  the  data  already  gathered. 

2.  Continued  observation  of  radiation  effects,  temperature  and  spin  axis  orientation. 

3.  Evaluation  of  satellite  performance  to  obtain  a measure  of  component  reliability. 
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Document  1-21 

Document  title:  Memorandum  from  J.  D.  O’Connell,  Special  Assistant  to  the  President  for 
Telecommunications  and  Director  of  the  Office  of  Telecommunications  Management,  to 
the  Secretary  of  State,  Secretary  of  Defense,  Secretary  of  Commerce,  Administrator, 
National  Aeronautics  and  Space  Administration,  and  Chairman,  Federal  Communications 
Commission,  “Policy  Concerning  U.S.  Assistance  in  the  Development  of  Foreign 
Communications  Satellite  Capabilities,”  September  17,  1965,  with  attached:  National 
Security  Action  Memorandum  338. 

Source:  Record  Group  273,  Records  of  the  National  Security  Council,  Archives  II, 
National  Archives  and  Record  Administration,  College  Park,  Maryland. 

Aw.  interim  International  I Hero  m m u nica  ti  ons  Satellite  Organization  (INTELSAT)  was  created  in 
1964  with  the  u ndersta  nding  that  after  five  years  there  would  be  negotiation  s to  create  a more  per- 
manent organizational  structure  for  international  telecommunications  via  satellite.  Comsat  was  the 
manager  of  the  interim  INTELSA  T system,  and  its  structure  institutionalized  U.S.  dominance  oj  the 
organization  ’s  operations  and  hardware  procurement . The  United  States  hoped  to  maintain  that  dom- 
inant position  for  as  long  as  possible . The  White  House  appointed  a Special  Assistant  to  the  President , 
General  James  O'Connell,  to  further  that  objective.  This  national  security  directive  reflects  O’ConnelVs 
efforts  to  restrict  U.S.  assistance  to  other  countries  that  desired  to  develop  their  own  communications 
satelli te  capabili ty. 


| no  pagination  ] 

September  17,  1965 

MF.MORANDUM  TO:  Secretary  of  State 

Secretary  of  Defense 
Secretary  of  Commerce 

Administrator,  National  Aeronautics  and  Space  Administration 
Chairman,  Federal  Communications  Commission 

SUBJECT:  Policy  Concerning  U.S.  Assistance  in  the  Development  oi 

Foreign  Communications  Satellite  Capabilities 

rile  attac  hed  policy  statement  concerning  U.S.  assistance  in  the  development  of  for- 
eign communications  satellite  capabilities  is  promulgated  in  accordance  with  the  approval 
of  the  President,  as  noted  in  [handwritten  underlining]  National  Security  Action 
Memorandum  338,  dated  September  15,  1965.  This  statement  was  transmitted  to  the 
President  by  my  memorandum  dated  August  25,  1965. 

As  noted  in  NSAM  338,  my  office  will  keep  the  subject  policy  under  constant  review. 
The  cooperation  and  suggestions  of  the  departments  and  agencies  concerned  are  invited. 

[hand-signed  “J.  D.  O’Connell”] 

Special  Assistant  to  the  President 
for  Telecommunications  and 
Director  of  Telecommunications  Management 
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Information  copies: 

Director,  Bureau  of  the  Budget 

Executive  Secretary,  National  Aeronautics  and  Space  Council 
Special  Assistant  to  the  President  for  Science  and  Technology 
President,  Communications  Satellite  Corporation 


[attachment,  no  page  number] 


August  25,  1965 


POLICY  CONCERNING  U.S.  ASSISTANCE  IN  THE 
DEVELOPMENT  OF  FOREIGN  COMMUNICATIONS 
SATELLITE  CAPABILITIES 


GENERAL: 


It  is  the  policy  of  the  United  States  to  support  the  development  of  a [handwritten 
underlining]  single  global  commercial  communications  satellite  system  to  provide  com- 
mon carrier  and  public  service  communications.  The  intent  of  the  United  States  to 
exploit  space  technology  for  the  service  of  all  mankind,  and  to  promote  its  use  in  support 
of  peace,  understanding  and  world  order  has  been  stated  clearly  in  legislation  and  in 
Administration  speeches  and  official  releases.  The  LJ.S.  Government  is  committed  to  use 
global  commercial  communications  facilities  for  general  governmental  communications 
purposes  wherever  commercial  circuits  of  the  type  and  quality  needed  to  meet  govern- 
ment requirements  can  be  made  available  on  a timely  basis  and  in  accordance  with  applic  - 
able tariff  or,  in  the  absence  of  Federal  Communications  Commission  jurisdiction,  at 
reasonable  cost.  Separate  satellite  communications  facilities  including  surface  terminals 
may  be  established  and  maintained  by  the  U.S.  Government  to  meet  those  unique  and 
vital  national  security  needs  which  cannot  be  met  by  commercial  facilities.  The  capacity  of 
these  separate  facilities  shall  at  all  times  be  limited  to  that  essential  to  meet  such  unique 
needs.  These  policies  underlie  the  spirit  and  the  letter  of  the  Communications  Satellite 
Act  of  1962,  its  legislative  history  and  the  position  of  the  United  States  in  the  negotiations 
leading  to  the  signing  of  agreements  establishing  interim  arrangements  for  a global  com- 
mercial communications  satellite  system. 

Provisions  for  the  establishment  of  the  global  commercial  communications  satellite 
system  and  a U.S.  national  defense  communications  satellite  system  consistent  with  these 
policies  have  now  advanced  to  the  point  where  it  is  desirable  to  amplify  and  interpret 
these  policies  [page  2]  in  order  to  guide  United  States  relations  with  other  countries  in 
the  development  of  communications  satellite  capabilities,  particularly  with  respect  to  pro- 
viding technology  and  assistance  therefor. 


No  Foreign  Dissemination 


DISCUSSION: 


Most  major  countries  of  the  world  other  than  the  United  States  provide  internation- 
al public  communications  services  through  governmental  agencies  or  chartered  chosen 
instrument  corporations  partially  or  wholly  owned  by  the  government.  Assistance  to  any 
of  these  foreign  governments  in  the  development  of  communications  satellite  systems  can 
potentially  develop  competitors  seeking  lo  divert  traffic  from  the  single  global  system 
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being  developed  by  the  international  consortium  established  as  a result  ol  U.S.  actions  ini- 
tiated by  tiie  Communications  Satellite  Act  of  1962  and  now  joined  by  forty-six  nations. 

The  communications  satellite  activities  of  U.S.  Government  agencies,  including  the 
Department  of  Defense  and  the  National  Aeronautics  and  Space  Administration,  have  an 
important  bearing  on  the  U.S.  support  of  the  objectives  of  the  Communications  Satellite 
Act  of  1962.  These  activities  may  contribute  to  the  dissemination  of  scientific  and  techni- 
cal knowledge  of  the  subject  to  foreign  countries  which  might  be  used  to  the  detriment 
of  U.S.  policy  in  this  field. 

A policy  to  guide  government  agencies  in  the  dissemination  of  satellite  technology 
and  in  the  provision  of  assistance  which  is  consistent  with  the  overall  policies  enunciated 
above  is  necessary.  Such  policy  should  be  suf  ficiently  comprehensive  to  give  due  regard  to 
the  specific  requirements  of  national  security. 

For  the*  purposes  of  this  policy  statement  it  is  intended  that  restrictions  upon  transfer 
of  technology  and  provision  of  assistance  [handwritten  underlining)  refer  to  detailed 
engineering  drawings,  production  techniques  and  equipment,  and  manufacturing  or  lalv 
rication  process  pertaining  to  complete  communications  satellites  or  a significant  portion 
thereof,  and  to  provision  of  launching  services  or  launch  vehicles  for  communications 
satellites,  ft  is  not  intended  that  this  policy  statement  apply  to  surface'  terminals  or  limit 
dissemination  of  information  concerning  [ page  HI  systems  concepts,  description  of  space- 
craft and  normal  scientific  and  technical  publications  of  a professional  character. 
Furthermore,  it  is  not  intended  that  this  statement  shall  limit  the  dissemination  of  infor- 
mation required  to  be  disclosed  under  the  provisions  of  the  Special  Agreement  of  August 
20,  1904,  pertaining  to  the  establishment  of  a global  commercial  communications  satel- 
lite svstem. 

Specific  principles  to  guide  United  States  arrangements  for  assistance  to  other  coun- 
tries in  the  development  of  communications  satellite  capabilities  are: 

U T he  United  States  should  conform  fully  with  the  1904  Agreements  Establishing 
Interim  Arrangements  for  a Global  Commercial  Communications  Satellite  System. 

2.  T he  United  State's  should  refrain  from  providing  assistance  to  other  countries 
which  would  significantly  promote,  stimulate  or  encourage  proliferation  of  communica- 
tions satellite*’  systems. 

S.  T he  United  State's  should  not  consider  requests  for  launch  ser  vices  or  other  assis- 
tance in  the  development  of  communications  satellites  for  commercial  purposes  except 
for  [handwritten  underlining]  use  in  connection  with  the  single  global  system  established 
under  the  1964  Agreements. 

4.  The  United  State's  should  recognize  the  vital  national  security  needs  of  other  allied 
nations  which  can  be  met  by  satellite  communications  and  which  cannot  be  met  by  the  com- 
mercial system.  For  example,  the  United  Kingdom  has  indicated  its  need  for  highly  reliable 
satellite  communications  from  England  to  Australia  and  to  other  Far  East  terminals. 

5.  The  United  States  aim  is  to  encourage  selected  allied  nations  to  use  the  U.S. 
national  defense  communications  satellite  system  rather  than  to  develop  independent  sys- 
tems and  to  accommodate  allied  needs  within  the  U.S.  system  (with  additional  costs  nor- 
mally to  be  borne  by  the  participants).  Recognized  needs  should  be  restricted  to  those, 
similar  to  ours,  which  art*  vital  to  the  national  security  of  the  selected  allied  nations  and 
which  cannot  be  met  by  commercial  facilities.  To  accommodate  the  needs  within  the  U.S. 
national  defense  system  it  may  prove  necessary  to  include  one  or  more  satellites,  syn- 
chronous or  otherwise,  [page  4]  whether  of  the  same  or  different  design.  In  this  cast', 
such  satellite(s)  should  be  designed  to  be  electronically  interoperable  with  the  satellite's 
of  the*  basic  U.S.  national  defense*  communications  satellite  system  in  order  to  permit 
mutual  usage. 
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6.  Agreements  for  direct  assistance  to  allies  which  may  significantly  promote  their 
communications  satellite  capability  should  require  satisfactory  assurance  that  the  assis- 
tance furnished  will  be  used  only  within  the  f ramework  of  agreements  and  arrangements 
to  which  the  United  States  is  a participant  and  will  not  be  transmitted  or  transferred  to  a 
third  nation  without  prior  U.S.  authorization.  No  agreement  [handwritten  highlighting  in 
the  margin  through  the  end  of  this  paragraph]  should  be  concluded  with  any  nation  until 
information  has  been  made  known  to  other  allied  nations  concerning  the  U.S.  willingness 
to  cooperate  in  meeting  other  nations’  national  security  needs  which  are  similar  to  ours. 

7.  U.S.  firms  are  required  to  comply  with  Munitions  Control  licensing  procedure 
prior  to  communication  satellite  or  related  technology,  transferring  equipment  or  com- 
ponents as  embraced  by  the  United  States  Munitions  List,  [handwritten  underlining] 
including  booster  technology  and  launch  services,  to  foreign  nations  or  firms. 

8.  U.S.  firms  are  also  required  to  comply  with  the  Department  of  Commerce’s 
export  licensing  requirements  prior  to  communicating  or  transferring  to  foreign  nations 
or  firms  certain  other  relevant  technology,  equipment  or  components,  not  covered  by  the 
U.S.  Munitions  List. 

9.  All  transactions  approved  under  paragraphs  7 and  8 involving  technology  and 
assistance  pertaining  to  complete  communications  satellites  or  a significant  portion  there- 
of, and  to  provision  of  launching  services  or  launch  vehicles  for  communications  satellites 
should  be  conditioned  upon  express  (written)  assurances  to  this  government  by  the  for- 
eign nation (s).  The  assurances  should  be  that  technology  and  assistance  obtained  will  be 
used  only  within  the  framework  of  the  existing  international  consortium  agreements  for 
a single  global  system  or  the  framework  of  such  special  agreements  as  are  referred  to  in 
paragraph  6 above  and  will  not  be  transmitted  or  transferred  to  a third  nation  without 
prior  U.S.  authorization. 

[page  5]  10. The  principles  and  policy  set  forth  in  this  document  should  be  reviewed  and 
updated  as  communications  satellite  system  developments  progress  and  definitive  require- 
ments are  determined  and  after  the  global  commercial  communications  satellite  system 
has  been  established  and  is  in  substantial  use. 

POLICY: 

Therefore,  in  keeping  with  the  above,  it  is  the  United  States  policy  to: 

1.  Promote  the  prompt  establishment  and  successful  operation  of  a single  global 
common  carrier  and  public  service  communications  satellite  system  in  cooperation  with 
other  nations  as  part  of  an  improved  global  communications  network  which  will  provide 
expanded  telecommunications  services  and  which  will  contribute  to  world  peace  and 
understanding. 

2.  Avoid  measures  which  would  adversely  affect  either  the*  continued  expansion  of 
participation  in  the  existing  international  agreement  for  a single  global  commercial  com- 
munications satellite  system  or  acceptability  of  the  basic  premises  of  the  present  agree- 
ments on  a permanent  basis. 

8.  Make  use  of  commercial  communications  facilities  for  general  governmental  pur- 
poses wherever  commercial  circuits  of  the  type  and  quality  needed  to  meet  government 
requirements  can  be  made  available  on  a timely  basis  and  in  accordance  with  applicable 
tariff  or,  in  the  absence  of  Federal  Communic  ations  Commission  jurisdiction,  at  reason- 
able cost.  Establish  and  maintain  separate  satellite  communications  facilities  including 
ground  terminals  with  capacity  limited  to  that  necessary  to  meet  those  unique  and  vital 
national  security  needs  which  cannot  be  met  by  commercial  facilities.  The  capacity  of 
these  separate  facilities  shall  at  all  times  be  limited  to  that  essential  to  meet  such  unique* 
needs. 


Exploring  t hk  Unknown 


95 


[page  6 1 4.  Encourage  selected  allied  nations  to  use  the  U.S.  national  defense  communi- 
cations satellite  system  rather  than  to  develop  independent  systems  and  accommodate 
their  needs  within  the  U.S.  system  (with  additional  costs  normally  to  be  borne  by  the  par- 
ticipants). Recognized  needs  should  be  restricted  to  those,  similar  to  ours,  which  are  vital 
to  the  national  security  of  selected  allied  nations  and  which  cannot  be  met  by  commercial 
facilities. 

5.  Withhold  provision  of  assistance  to  any  foreign  nation  in  the  held  of  communi- 
cations satellites  which  could  significantly  promote,  stimulate  or  encourage  proliferation 
of  communications  satellite  systems. 

6.  Provide  technolog)'  and  assistance  in  the  field  of  communications  satellites  to  for- 
eign nations:  (a)  only  if  such  nations  are  to  participate  in  the  U.S.  national  defense  com- 
munications satellite  system  and  then  only  to  the  extent  required  for  that  participant  to 
be  effective;  or  (b)  only  for  use  in  connection  with  the  single  global  commercial  commu- 
nications satellite  system  in  accordance  with  the  provisions  of  the  Interim  Agreement  and 
Special  Agreement  of  August  20,  1964;  and  only  if  there  exist  appropriate  assurances  that 
such  technology  or  assistance  will  not  be  transmitted  or  transferred  to  a third  nation  with- 
out prior  U.S.  authorization. 

The  policies  expressed  above*  will  be  kept  under  review  by  the  Special  Assistant  to  the 
President  for  Telecommunications/Director  of  Telecommunications  Management  and 
the  agencies  and  departments  concerned. 

Document  1-22 

Document  title:  National  Security  Action  Memorandum  No.  342,  “U.S.  Assistance  in  the 
Early  Establishment  of  Communications  Satellite  Service  for  Less-Developed  Nations,” 
March  4,  1966. 

Source:  Record  Group  273,  Records  of  the  National  Security  Council,  Archives  II, 
National  Archives  and  Record  Administration,  College  Park,  Maryland. 

One  of  President  Kennedy's  objectives  from  the  start  of  his  involvement  with  communications  satel- 
lites was  to  make  sure  that  any  system  developed  was  truly  global,  served  poorer  conn  tries,  and  linked 
renters  of  economic  activity.  Lyndon  Johnson's  administration  continued  this  polity  and  issued  this 
directive  to  emphasize  its  importance. 


| 1 ] March  4,  1966 

NATIONAL  SECURITY  ACTION  MEMORANDUM  NO.  342 

TO:  The  Secretary  of  State 

The  Secretary  of  Defense 

'Hie  Secretary  of  Commerce 

The  Secretary  of  Health,  Education  and  Welfare 

The  Administrator,  National  Aeronautics  and  Space  Administration 

The  Chairman,  Federal  Communications  Commission 

The  Administrator,  Agency  for  International  Development 

The  Director,  United  States  Information  Agency 

The  Special  Assistant  to  the  President  for  Telecommunications  and  Director 
of  Telecommunications  Management 
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SUBJECT:  U.S.  Assistance  in  the  Early  Establishment  of  Communications  Satellite 

Service  lor  Less-Developed  Nations 

In  carrying  out  his  responsibilities  under  the  Communications  Satellite  Act  of  1962, 
the  President  has  directed  that  the  United  Stales  Government  take  active  steps  to  encour- 
age the  construction  of  earth-station  links  to  the  worldwide  communications  satellite  sys- 
tem in  selected  less-developed  countries.  Emphasis  in  this  effort  is  to  be  on  encouraging 
the  selected  countries  to  construct  these  stations  out  of  their  own  resources,  stressing  the 
many  benefits  of  direct  access  to  the  global  communications  satellites. 

The  Special  Assistant  to  the  President  for  Ielecommunications/Diret  tor  of 
Telecommunications  Management  has  been  designated  by  the  President  as  the  agent  for 
coordinating  this  project. 

The  State  Department  and  AID  are  to  determine  (a)  the  countries  to  be  included  in 
this  program  and  (b)  U.S.  Government  actions,  if  any,  for  encouraging  the  accelerated 
construction  of  earth  stations  and  related  facilities  in  these  countries.  In  c ases  involving 
possible  U.S.  technical  or  financial  assistance,  the  President  has  direc  ted  that  no  special 
funds  should  be  requested.  All  funding  of  such  projec  ts  is  to  be  handled  out  of  current 
AID  FY  1966  appropriations  or  out  of  the  regular  FY  1967  funds. 

[2)  The  Department  of  State  is  to  report  its  findings  to  the  President,  through  the-  Special 
Assistant  to  the*  President  for  Telecommunications/Director  of  Telecommunications 
Management,  by  July  1,  1966. 

The  President  has  directed  that  the  Executive  Agent  and  Manager  of  the  National 
Communications  System  [NCS]  and  U.S.  Government  agencies  operating  facilities  out- 
side1 the  NCS  utilize  the  global  communications  satellite  system  in  handling  traffic  when- 
ever possible  and  where  national  security  requirements  will  not  be  compromised, 
consistent  with  sound  cost-efficiency  and  other  management  considerations. 

A Working  Group  is  to  be  established,  in  ac  cordance  with  the*  President's  instruction, 
to  study  tlu*  possibilities  of  using  the  communications  satellite  system  to  advance  informa- 
tion exchange  and  educational  purpose's,  in  line  with  his  desire  that  the  United  States  plav 
a greater  role  in  international  education  efforts,  particularly  in  less-developed  countries. 

[hand-signed:  “Bromley  Smith" | 


Document  1-23 

Document  title:  David  Bruce,  U.S.  Ambassador  to  the  United  Kingdom,  to  the  Secretary 
of  State,  “Transfer  of  U.S.  Communications  Satellite  Technology,”  Telegraphic  Message, 
November  9,  1966. 

Source:  Record  Group  59,  General  Records  of  the  Department  of  State,  Archives  II, 
National  Archives  and  Record  Administration,  College  Park,  Maryland. 

European  governments  and  industry  knew  that  the  United  States  was  following  a restrictive  polity 
regarding  the  transfer  of  technology;  this  became  a source  of  irritation  as  the  l hated  States  attempted 
to  increase  the  intensity  oj  its  spare  cooperation  with  Europe  and  as  the  1969  negotiations  for  defin- 
itive INTELSAT  arrangements  approached . I his  diplomatic  cable  from  the  U.S.  embassy  in  Loudon 
reflects  a foreign  policy  perspective — that  the  restrictive  polity  outlined  in  NSAM  33<S  (Document 
1-2 E)  was  not  in  the  best  overall  interest  of  the  nation.  Others  in  Washington  and  overseas,  concerned 
with  international  space  polity,  slurred  this  perspective  anti  urged  that  the  1 96 5 polity  directive  he 
mused.  Elicit  arguments  were  partially  successful , and  a slightly  less  restrictive  version  ofNSAM  33H 
was  issued  in  mid- 1967. 
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INCOMING  TELEGRAM  Department  of  State 


[rubber  stamped:  “1966  NOV  9 AM  1 1 28”] 


Action 

R 091  HI 82  NOV  66 
FM  AMEMBASSY  LONDON 
TO  RUEHC/SECSTATE  WASHDC 

Info  INFO  RUFIVG/ AMEMBASSY  BERN 
RUFHOL/ AMEMBASSY  BONN 
RU  EH  BS/ AM E M BASSY  BRUSSELS 
RUFH(  :R/  AM  EM  BASSY  PARIS 
R U FH  RO  / AM  EM  BASSY  ROME 
RU FHO I ,/ AMEMBASSY  SI  CK  :KH O LM 
RUFHOL/  AMEMBASSY  THEHAGUE 
RUAI  xy  l /AM  E M BASSY  TOKYO 
STATE  GRNC 
BT 


[Abbreviations  in  margin:  “E,  SS,  G,  SP,  SC,  L H,  EUR,  EA,  P,  USIA,  NSC,  INR,  CIA,  NSA, 
DOl),  ACDA,  SCI  STR,  MC,  GDP,  OC,  COM,  DTM,  FCC,  NSE,  OST,  RSR”] 

CONFIDENTIAL  LONDON  H872 

Transfer  of  U.S.  Communications  Satellite  Technology 

REF:  STATE  76929,  LONDON’S  A-1084  OF  NOV.  4,  1966 
NSA 


L US  policy  on  the  dissemination  of  information  on  communications  satellite  tech- 
nology lias  an  impact  not  only  on  US  objectives  regarding  a permanent  single  global  com- 
munications satellite  system  but  also  on  technology  as  it  relates  to  European  well  being.  It 
is  the  Embassy’s  premise  that  an  economically  strong,  technologically  advanced  and  polit- 
ically cohesive  Europe  is  in  the  US  national  interest.  Economic  strength  and  technologi- 
cal competence  go  hand  in  hand.  This  is  not  to  say  that  technological  parity  in  every  field 
is  necessary  for  strong  economies  but  reasonable  competence  in  most  advanced  sectors 
appears  to  be  a sine  qua  non  for  long  term  competitiveness  even  though  comparative 
advantage  may  lie  with  one  country  or  another  from  time  to  time.  This  is  particularly  true 
in  an  environment  of  reduced  trade  barriers  which  exposes  the  industrial  sector  to  keen 
i n ter nati on al  com pe t i t ion . 

2.  In  this  context  it  is  clear  that  communications  satellite  technology'  encompasses  a 
very  narrow  slice  of  technology.  The  acquisition  of  greater  competence  in  this  field  is  like- 
ly to  have  only  a marginal  impact,  in  practical  terms,  on  narrowing  the  over-all  techno- 
logical gap.  By  the  same  token  US  initiatives  in  other  single  sectors  of  technology,  treated 
individually,  will  have  minimal  effect  on  the  over-all  position.  However,  concentrated 
cooperative  efforts  by  the  US  across  the  board  in  all  possible  areas  might  lead  to  a signif- 
icant improvement  in  Europe’s  position  vis-a-vis  the  US  (and  the  LISSR).  But,  given  the 
extent  of  us  investment  in  R&D  in  the  advanced  sectors,  it  is  unlikely  that  Europe  under 
any  circumstances  could  [2]  eliminate  the  gap  in  the  foreseeable  future.  Any  substantial 
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narrowing  of  the  gap  will  require  a major  increase  in  European  investment  in  R&D  which 
under  current  circumstances  is  improbable. 

3.  Therefore,  on  a cost  benefit  analysis  the  costs  to  the  US  of  sharing  technology 
with  Europe  in  terms  of  Western  leadership,  markets,  etc.,  are  not  likely  to  be  great.  On 
the  other  hand,  the  benefits  could  be  considerable.  The  principal  gain  would  be  psycho- 
logical.  US  initiatives  would  be  regarded  as  an  act  of  good  will — a cooperative  gesture 
from  a friend  and  ally — which  would  further  strengthen  Atlantic  bonds.  It  would  encour- 
age US/Europe  scientific  and  industrial  cooperation  and  neutralize  any  tendency  to  turn 
to  the  USSR  in  frustration.  It  would  tend  to  still  those  voices  which  charge  that  US  poli- 
cies are  directed  to  establishing  and  maintaining  absolute  domination  in  all  advanced 
areas  of  technology. 

4.  To  a lesser  degree  US  technological  cooperation,  to  the  extent  that  it  would  assist 
Europe  to  maintain  a reasonably  competitive  position,  will  increase  specialization  and 
trade  for  the  benegit  [sic]  of  both  sides. 

5.  Turning  now  to  the  specific  case  of  communication  satellite  technology',  much  of 
the  above  reasoning  applies.  The  advantages  to  the  US  of  relaxing  its  objectives  is  for  a 
substantial  US  share  in  a single  global  communications  satellite  system.  Such  psychologi- 
cal factors  could  well  be  important.  The  ambitions  of  European  industry  in  obtaining  a 
larger  share  of  the  INTELSAT  contracts  are  well  known.  Both  industry  and  government 
regard  communications  satellites  as  the  one  sector  of  space  investment  which  promises  an 
early  commercial  return.  Informed  Europeans  are  aware  that  current  US  policies  prevent 
European  industry  from  obtaining  the  know-how  which  they  feel  would  permit  them  to 
compete  for  and  obtain  such  contracts.  Much  of  the  recent  publicity  in  Europe  released 
by  industry  supporting  the  concept  of  regional  communications  satellite  systems,  alleged- 
ly complementary  with  the  global  system,  is  believed  primarily  designed  to  provide 
Europe  a greater  share  of  the  market  for  satellites  and  other  elements  of  the  commercial 
system.  The  European  Conference  on  Satellite  Communications  (CETS)  is  meeting  in 
The  Hague  later  this  month  with  the  specific  objective  of  improving  European  capabili- 
ties in  satellite  technology.  Certainly  regional  systems  will  be  examined  as  one  means  of 
achieving  this  objective.  While  France  may  favor  regional  systems  as  an  end  in  themselves, 
it  is  believed  most  countries  are  basically  concerned  with  industrial  aspects  and  are  [3] 
quite  content  with  [a]  single  system  concept  so  long  as  they  obtain  [a]  fair  slice  of  the 
equipment  cake.  Thus,  if  Europeans  feel  that  the  US  policies  and  predominance  in  a sin- 
gle global  system  will  continue  to  frustrate  what  they  feel  to  be  their  quite  legitimate  aspi- 
rations on  production,  they  may  w?ell  seek  to  negotiate  an  agreement  at  the  1969 
Conference  which  would  permit  the  establishment  of  regional  systems. 

6.  It  is  recognized  that  there  is  fear  that  the  relaxation  of  restrictions  on  transfer  of 
satellite  technology  will  give  Europeans  the  tools  to  establish  separate  systems.  In  our  view 
this  fear  is  exaggerated.  First  of  all,  as  mentioned  above,  the  general  European  objective 
is  to  achieve  adequate  competence  to  bid  for  INTELSAT  and  possibly  IDCSP  [Initial 
Defense  Communications  Satellite  Program]  contracts,  and  not  to  establish  independent 
systems  per  se.  This  is  particularly  true  of  the  British.  Second,  the  possibility  appears 
remote  that  the  Europeans  could  launch  an  independent  system  by  1969.  Aside  from  the 
question  of  satellite  development,  Europe  will  not  have  launch  capability  until  well  into 
the  1970’s. 

7.  To  conclude  on  this  point,  an  offer  to  share  communications  technology'  with 
Europe  would  gain  a measure  of  good  will  and  serve  to  alleviate  European  suspicions  of 
US  intentions.  This  should  improve  the  US  negotiating  posture  in  1969.  On  the  other 
hand  the  danger  to  US  objectives  in  such  a move  would,  in  practical  terms,  be  negligible 
since  the  Europeans  would  be  unable  to  use  such  technology  over  the  short  term  to 
launch  an  independent  system. 
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8.  Answers  to  the  specific  questions  posed  in  the  final  paragraph  of  reference 
telegram  are  as  follows: 

(A)  Policy  directive  has  not  hindered  desirable  scientific  and  technological  coop- 
eration in  any  practical  way  except  in  the  area  of  communications  satellite 
technology.  However,  the  existence  of  this  policy  has  undoubtedly  coloied 
European  views  as  to  the  disinterested  nature  of  US  offers  of  cooperation. 

(B)  Sc ‘ientiflcor  industry  dissatisfaction  has  not  been  reflected  as  irritant  on  polit- 
ical lines  since  1964  negotiations.  Political  interest  may  reappear  prior  to 
1969  negotiations. 

(C)  The  divergencies  of  view  among  British  interests  on  communications  satellite 
technology  were  analyzed  in  Embassy’s  A- 1 084  of  Nov.  4.  To  summarize 
briefly,  the  (IPO  is  fundamentally  concerned  with  efficient  economic  com- 
munications and  less  involved  in  political  and  industrial  consideiations.  I he 
(iPO  strongly  supports  the  concept,  of  a single  global  system.  The  foreign 
office  is  anxious  to  abtain  [sic]  political  cohesion  in  Europe  and  will  seek 
European  consensus  even  [4]  at  some  compromise  of  domestic  ambitions. 
Industry  primary  interest  is  to  secure  larger  share  of  IN  1 EESAI  procurement 
and  will  support  vigorously  any  proposal,  either  for  a single  system  or  an  inde- 
pendent system,  which  will  improve  its  competitive  position,  vis-a-vis  US 
industry.  The  Ministry  of  Defense  (MOD)  is  not  taking  a more  active  role  in 
the  communications  satellite  question  due  to  participation  in  IDCSP  and  pos- 
sibly ADC  ISP.  Any  MOD  support  for  independent  European  initiative  will 
depend  largely  on  its  experience  with  joint  US/UK  military  projects. 

(I))  If  British  are  assured  of  l'S  commitment  to  genuine  cooperative  effort  in 
communications  satellite  technology,  we  believe  they  would  be  prepared  to 
give  the  required  assurances.  Clarification  on  the  role  of  regional  and  nation- 
al systems  (e.g.  ABC  proposal  for  US  national  IV  relay  system)  would  be 
required.  Also  Europeans  may  wish  to  launch  experimental  satellites  using 
US  launchers.  Embassy  judgement  here  is  not  based  on  specific  comments 
from  industry  or  government  but  from  the  interpretation  of  expressions  of 
opinion  by  the  Foreign  Office,  CiPO  and  industry  contacts  over  the  past  year 
or  so.  Bruce 
BT 
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General  fames  l).  O'Connell , the  individual  responsible  for  promoting  the  U.S.  polity  objective  of  cre- 
ating a single  global  system  of  satellite  communications  based  on  INTELSAT,  saw  many  hazards 
ahead.  This  memorandum  sketches  his  perceptions  of  the  challenges  to  achieving  this  policy  ofjectwe. 
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[1 1 M KM  ORAN  DU  M 

The  White  House 
Washington 


February  8,  1907 


MEMORANDUM  FOR  THE  PRESIDENT 

I submit  a proposed  draft  of  the  President's  1960  report  to  the  Congress  as  required 
by  the  Communications  Satellite  Act  of  1962.  This  report  emphasizes  positive  accom- 
plishments. It  does  not  describe  the  hazards  which  INTELSAT  and  CoinSat  face.  Some  of 
these  hazards  are: 

a.  Actions  of  certain  international  record  carriers  indicate  that  they  consider  it  to  be 
in  their  corporate  interest  to  emasculate  INTELSAT,  the  single  global  system,  and 
ComSat. 

b.  Certain  major  aerospace  manufacturers  both  here  and  abroad  deprecate  the 
value  of  INI  ELSAT  and  the  single  global  system.  They  favor  many  proliferating  domestic 
and  regional  systems.  Obviously  these  would  provide  a larger  market  for  their  products. 

c.  | bolded  passages  were  highlighted  with  a marker  in  the  original]  France  has  been 
promoting  within  Europe  a regional  communications  satellite  system  which  will  compete 
with  INTELSAT,  and  will  probably  join  the  Soviet  Molnya  [sic:  Molniya]  system. 

d.  ComSat’s  studies  conclude  that  there  is  more  business  and  earnings  in  the  domes- 
tic communications  field  than  can  be  derived  from  international  traffic.  This  conflict  of 
interest  has  been  demonstrated  in  recent  ECU  filings  where  ComSat  has  failed  to  take  a 
clear-cut  position  as  the  servant  of  the  international  INTELSAT  joint  venture. 

e.  Certain  members  of  INTELSAT  who  derive  a favorable  balance  of  payments 
under  present  arrangements  are  not  supporting  the  U.S.  policy  of  actively  encouraging 
the  establishment  of  satellite  communications  facilities  for  the  developing  nations.  This 
has  resulted  in  inadequate  progress  toward  the  design  of  low  cost  earth  terminals  and 
satellite  systems — concepts  which  are  needed  to  promote  early  effective  and  economical 
use  in  the  developing  nations. 

f.  [bolded  passages  were  highlighted  with  a marker  in  the  original]  Major  conti- 
nental European  nations  are  critical  of  the  “excessively  dominant”  position  of  the  United 
States  in  the  decisions  of  the  International  Consortium.  Actions  to  reduce  U.S.  dominance 
and  to  obtain  a manager  other  than  ComSat  are  expected  during  the  1969  negotiations  to 
extend  the  existing  Interim  Agreement  or  consummate  a more  permanent  one. 

[2]  g.  Action  by  the  United  States  to  embark  upon  separate  domestic  or  regional  enter- 
prises prior  to  1969  will  have  a serious  negative  impact  on  tire  single  global  system,  the 
International  Consortium,  the  1969  renegotiations,  and  ComSat ’s  future  as  Manager  for 
INTELSAT 

h.  I be  recent  FCC  ac  tion  to  adopt  a 50-50  shared  ground  station  ownership  formu- 
la between  ComSat  and  the  communications  common  carriers  has  not  reduced  conflict  as 
had  been  hoped.  ComSat’s  investment  capital  potential  has  been  cut  in  half  hut  the 
record  carriers  still  want  more.  A merger  of  ComSat  with  the  six  other  U.S.  international 
carriers  is  becoming  increasingly  vital. 

i.  I he  general  disorder  of  U.S.  international  telecommunications  has  been  and  is  a 
serious  obstacle  to  progress  in  commercial  communication  satellites  and  is  a threat  to 
their  future.  It  is  also  creating  increasing  pressure  to  reverse  the  trend  toward  greater 
Government  use  of  the  international  common  carriers  and  causing  serious  consideration 
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ol  programs  to  step  up  the  rapac  ity  of  the  Government's  own  communication  satellite  sys- 
tc  ms.  l)i\er sion  of  Cover  nmeiit  traffic  from  the  carriers  will  further  jeopardize  the  future 
viability  of  ComSat  and  the  global  system. 

j.  | bolded  passages  were  highlighted  with  a marker  in  the  original!  Communication 
satellites  are  in  such  an  early  stage  ol  their  technological  and  systems  development  that 
Prese  nt  systems  should  soon  be  made  obsolete  by  the  new  developments.  But  research  and 
development  efforts  by  ComSat  and  NASA  are  inadequate  to  push  progress  fast  enough. 
I am  increasing  the  efforts  of  my  office  to  push  for  faster  progress. 

I he  national  policy  established  by  the  President  and  Congress  is  to  give  first  priority 
to  the  successful  achievement  of  a single  international  global  system  at  the  earliest  time. 
It  is  a sound  policy  which  makes  paramount  the  objectives  of  world  peace  and  under- 
standing. Hie  importance  of  the  single  global  system  to  achieve  these  objectives  cannot 
be  overemphasized.  Executive  Branch  departments  are  working  diligently  to  reduce  tlu* 
hazards  and  obtain  the  objectives  sought  by  the*  Communications  Satellite  Act,  but  succ  ess 
is  far  from  certain  yet.  The  trend  appears  to  be  toward  progressively  more  serious  obsta- 
( levs,  fin  diet  discussion  of  these  obstacles  is  contained  in  the  attachment. 

In  a subsequent  report  I will  set  forth  the  steps  being  taken  by  my  office  and  other 
govt  i nine  nt  agencies  to  cope*  with  these  hazards.  Some  of  my  proposals  for  Oovernment 
actions  arc*  included  in  the*  attached  summary. 
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A Global  System  of  Satellite  Communications 
— The  Hazards  Ahead  — 

SUMMARY 


I he  hazards  to  the  future  success  of  the  International  Consortium  (INTELSAT)  and 
ComSat  appear  to  be  inc  reasing  and  becoming  more  serious.  Knowledgeable  students  of 
the*  situation  are  privately  expressing  the  thought  that  [bolded  passages  were  highlighted 
with  a marker  in  the*  original]  it  is  entirely  possible  that  INTELSAT  may  fall  apart  in  favor 
of  a series  of  regional  systems. 

II  this  were  to  occur  it  would  mean: 

• A massive  setback  in  future  growth  and  easy  access  in  international  telecommu- 
nications. 

• I he*  loss  of  the*  soundest,  simplest,  lowest  cost  system  of  international  telecom- 
munication whic  h can  make  the  largest  contribution  to  world  peace  and  under- 
standing. 

• A reversion  to  reactionary  concepts  of  rich  nation  domination  of  zones  of  com- 
munication influence,  increased  length  and  lower  quality  of  transmission  paths, 
and  higher  consumer  costs. 

• A very  serious  prestige*  loss  to  the  United  State's. 

• Financial  loss  to  the  shareholders  of  ComSat. 

I he  most  serious  threats  to  INTKLSAT  and  ComSat  which  are  described  in  the  fol- 
lowing pages  have  not  yet  reached  critical  or  unmanageable  stage.  But  over  optimism,  lack 
°!  vigorous  action,  or  actions  which  aggravate  these  trends  can  cause  these  problems  to 
rapidly  gel  beyond  control. 
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ACTIONS  UNDER  WAY 

I am  bending  every  effort  to  clarify  this  situation  and  achieve  unified  government 
action  to  overcome  the  growing  obstacles.  Among  my  proposals  are  the  following: 

a.  Give  first  priority  to  development  of  INTELSAT  and  the  international  system.  This 
is  in  conformance  with  U.S.  policy  and  statute. 

b.  Emphasize  the  great  advantages  of  the  single  global  system,  [bolded  passages 
were  highlighted  with  a marker  in  the  original]  (There  is  no  regional  need  which 
the  single  global  system  cannot  meet  with  better  service  at  lower  cost,  with  better 
spectrum  conservation.) 

[ii]  c.  Provide  greater  U.S.  aid  to  developing  nations  in  getting  eaith  stations. 

d.  Develop  as  rapidly  as  possible  the  practical  use  of  the  higher  (and  less  used)  fre- 
quency bands  for  exclusive  use  of  large  domestic  satellite  systems.  Service  to  bt 
available  in  4—5  years. 

e.  Use  the  INTELSAT  system  for  early  U.S.  domestic  service  growth  and  ETV  [edu- 
cational television]  experiments. 

1.  Avoid  FCC  or  Congressional  action  to  constitute  a separate  U.S.  domestic  satellite 
system  for  the  immediate  future. 

g.  Accelerate  the  development  of  low  cost  earth  stations. 

h.  Accelerate  the  development  of  more  efficient  multiple  access  systems  to  reduce 
the  cost  of  communication  to  both  rich  and  poor  nations. 

[ 1 ] A GLOBAL  SYSTEM  OF  SATELLITE  COMMUNICATIONS 

— THE  HAZARDS  AHEAD  — 

THE  U.S.  COMMITMENT  TO  A SINGLE  GLOBAL  SYSTEM. 

BACKGROUND 

The  foundation  of  our  communications  satellite  policy  has  been  embodied  in  the 
concept  of  a single  global  system  to  which  all  nations  could  have  equal  access,  and 
through  which  international  communications  could  flow  free  of  artificial  constraints  held 
over  from  the  colonial  traditions  of  past  centuries.  The  concept  stems  both  from  the  pol- 
icy objectives  established  by  the  Congress  and  from  our  international  agreements. 

THE  COMMUNICATIONS  SATELLITE  ACT  OF  1952 

Declaration  of  Policy  and  Purpose 

Sec.  102.  (a)  The  Congress  hereby  declares  that  it  is  the  policy  of  the  United  States  to 
establish,  in  conjunction  and  in  cooperation  with  other  countries,  as  expeditiously  as  piat- 
licable  a commercial  communications  satellite  system,  as  part  of  an  improved  global  com- 
munications network,  which  will  be  responsive  to  public  needs  and  national  objectives, 
which  will  serve  the  communication  needs  of  the  United  States  and  other  countries,  and 
which  will  contribute  to  world  peace  and  understanding. 

(b)  The  new  and  expanded  telecommunications  services  are  to  be  made  available  as 
promptly  as  possible  and  are  to  be  extended  to  provide  global  coverage  at  the  earliest 
practicable  date.  In  effectuating  this  program,  care  and  attention  will  be  directed  toward 
providing  such  services  to  economically  less  developed  countries  and  areas  as  well  as  those- 
more  highly  developed,  toward  efficient  and  economical  use  of  the  electromagnetic  fre- 
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queue y spectrum,  and  toward  die  reflection  of  the  benefits  of  tliis  new  technology  in  both 
quality  of  servic  es  and  charges  for  such  services. 

THE  INTERNATIONAL  AGREEMENT  OF  AUGUST  20.  1904—55  NATIONS 

Desiring  to  establish  a single  global  commercial  communication  satellite  system  as 
part  of  an  improved  global  communications  network  which  will  provide  expanded 
telecommunications  services  to  all  areas  of  the  world  and  which  will  contribute  to  world 
peace  and  understanding; 

[2]  Determined,  to  this  end,  to  provide,  through  the  most  advanced  technology  available, 
for  the  benefit  of  all  nations  of  the  world,  the  most  efficient  and  economical  service  pos- 
sible consistent  with  the  best  and  most  equitable  use  of  the  radio  spectrum. 

BASIS 

The  single  global  system  is  truly  a revolutionary  concept.  It  is  also  intrinsically  sound 
from  the  viewpoint  of  supporting  the  policy  objectives  established  by  the  Congress  and 
confirmed  in  our  international  agreements. 

[ JSE  ( )F  ( X )MMUNI(  RATIONS  SAT  EIJ  TEE  TEC  TINOLOGYTO  ( CONTRIBUTE  TO  VV(  )RI  J) 
PEACE  AND  UNDERSTANDING.  IMPROVED  WORE!)  TRADE,  AM)  COMMERCE 

The  integrity  of  the  global  system  is  vital  to  our  primary  goal  of  using  satellite  tech- 
nology to  promote  world  peace  and  understanding,  and  to  our  corollary  goals  of 
improved  world  trade,  commerce,  and  better  understanding  between  nations.  We  must 
nurture  this  global  system  concept,  [bolded  passages  were  highlighted  with  a marker  in 
the  original  ] for  if  we  allow  it  to  deteriorate  into  a series  of  isolated  regional  networks  we 
may  forever  lose  the  golden  opportunity  which  satellite  technology  provides  for  creating 
a world  community  in  which  communications  flow  freely  between  nations. 

SPECIAL  AITI  NTION  TO  THE  COMMUNICATIONS  NEEDS  OF  LESS  DEVELOPED 
COUNTRIES 

The  single  commercial  communications  satellite  system  provides  the  broadly  based 
structure  to  meeting  the  demands  of  the  smaller  nations.  Further,  it  provides  a f ramework 
in  which  the  United  States  can  work  effectively  to  promote  communications  satellite  tech- 
nology designed  to  aid  the  developing  nations. 

EFFECTIVE  USE  OF  THE  FREQUENCY  SPECTRUM 


The  demands  for  communications  satellite  service  already  promise  to  overtax  the 
capability  of  the  frequency  spectrum.  Only  through  the  economies  of  scale  and  engi- 
neering efficiency  of  a truly  global  system  will  all  of  the  nations  of  the  world  he  able  to 
gain  equal  benefits  from  communications  satellite  technology. 

[ 3 1 THE  HAZARDS  AHEAD 

These  are  fundamental  problems  in  the  field  of  satellite  communications  whic  h have 
national  importance  and  which  can  profoundly  affect  the  economic,  social,  and  political 
objectives  of  this  Nation.  These  problems  arise  from  many  sources  hut  may  be  generally 
categorized  as  follows: 
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1.  Interests  that  eotiiliel  with  the  global  system; 

2.  Tlu*  impact  of  U.S.  domestic  communications  issues; 

3.  The  “limited  objectives”  syndrome; 

4.  Fear  of  lT.S.  domination; 

5.  The  genera]  disorder  of  U.S.  international  communications. 
INTERESTS  THAT  CONFLICT  WITH  THK  (GLOBAL  SYSIEM 


A.  [hoick'd  passage's  were  highlighted  with  a marker  in  the  original]  International 
Carriers 

These  organizations,  including  both  the  United  State's  and  foreign  carriers,  view  the 
INTELSAT  system  as  a direct  competitor  to  the  established  cable  and  high  frequency 
radio  routes.  Long  established  sphere's  of  influence  and  methods  of  operation  arc*  also 
threatened.  With  a single  global  communication  satellite  system,  opportunity  for  nation- 
al control  of  international  communications  routing,  ability  to  charge  transit  fe  es  and 
apply  other  restrictive  practices  will  be  lost.  Many  of  the  foreign  carriers  feel  that  their 
earnings  would  be'  greater  and  their  control  maintained  if  traffic  is  transmitted  over  cable 
and  high  frequency  radio  systems  where  their  ownership  may  be  as  high  as  50  percent  in 
contrast  to  their  1 to  5 percent  ownership  which  is  typical  in  INTELSAT.  Some* 
Administrations  in  Europe  frankly  admit  using  the  profits  of  their  international  telecom- 
munications traffic  to  subsidize  their  domestic  costs  for  both  telecommunications  and 
postal  services.  Some  Administrations  also  feel  that  where  cable  and  high  frequency  radio 
are  no  longer  viable,  their  interests  would  be*  better  served  through  the  c reation  of  region- 
ally oriented  satellite  systems  where  their  ownership  share  could  be*  increased. 

Another  arrangement  preferred  by  U.S.  record  carriers  and  some  foreign 
Administrations  over  the  present  (X)MSAT-INTELSAT  arrangement  would  be  a com- 
pletely non-profit  space  segment  struc  ture  which  would  be*  [4]  supported  by  the  various 
nations  on  the  basis  of  use.  Administrations  would  derive  income  from  earth  station 
charges  which  could  be  handled  much  like  cable*  charges  without  the  added  complication 
of  providing  income  and  profits  to  the*  space  segment  owners.  The  only  major  impedi- 
ment in  the  way  of  this  arrangement  is  COMSAT.  Other  nations  are  not  faced  with  this 
dilemma.  All  sophisticated  Administrations  can  he*  assumed  to  be*  thoroughly  aware  that 
the*  U.S.  pose's  the  only  impediment  to  this  kind  of  struc  turing. 

Some  of  the  international  record  carriers  are  also  concerned  that  the  INTELSAT 
organization  will  spawn  greater  sophistication  in  the'  less  developed  nations  and  encour- 
age them  to  assume  a more'  prominent  role  in  their  internal  communications  systems  as 
we'll  as  the  satellite  earth  terminals  used  as  gateways  for  international  traffic. 

In  the  past,  international  carriers  have  often  dominated  completely  communications 
within  a developing  nation  through  control  of  international  communication  facilities. 

B.  Domestic  Common  Carriers 

While  our  domestic  common  carriers  recognize  the*  need  for  single*  ownership  and 
management  of  international  communications  systems  and  for  compatibility  between 
international  and  domestic  systems,  they  are  in  conflict  with  certain  of  COMSAT’s  pro- 
posals for  early  domestic  communications  satellite  service.  A key  question  affecting 
domestic  service  stems  from  the  present  international  agreements  which  provide  for 
shared  frequencies  between  terrestrial  microwave  systems  and  space  services. 

In  the  frequency  bands  assigned  to  satellite  communications,  we  also  operate  a pro- 
fusion of  domestic  terrestrial  microwave  relay  systems  which  involve*  a capital  investment 
over  $2  billion.  This  is  over  twice  the  total  capital  invested  in  international  telecommuni- 
cations by  all  tbe  nations  of  the  world.  These  terrestrial  microwave  systems  are  continuing 
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to  expand  rapidly.  It  is  clear  that  the  installation  of  numbers  of  domestic  satellite  earth  sta- 
tions is  certain  to  impede  ihe  growth  of  these  terrestrial  microwave  services.  It  is  also  c lear 
that  the  unrestricted  installation  of  earth  stations  for  domestic  purposes  will  preempt 
space  required  to  expand  the*  international  system.  Despite  technological  advances  there 
is  an  ultimate*  limitation  to  the  amount  of  communication  which  can  be*  carried  in  this  f re- 
cjuency  band. 

[51  The  solution  to  this  problem  lies  in  the  development  of  new  exclusive  frequency 
bands  for  satellite  communications.  Ihe  course  of  action  is  feasible  but  will  require  addi- 
tional research  and  development  and  a few  years  of  lime — but  it  will  make  it  possible  to 
exploit  satellite  communications  to  its  fullest  potential. 

( ].  If.S.  Space  Systems  Manufacturers 

At  present  the  aerospace  industries  of  the  U.S.  enjoy  a significant  technological  lead 
over  all  foreign  competitors  in  the  field  of  communications  satellites.  The  concept  of  a sin- 
gle* global  system  prevents  rapid,  albeit  wasteful,  proliferation  of  the  space  segment  hard- 
ware* and  restricts  the  market  to  supplying  the  INTELSAT  organization,  [bolded  passages 
were  highlighted  with  a marker  in  the  original]  A greater  market  potential  could  be  cre- 
ated more  rapidly  through  the  development  of  independent  national  systems  or  prolifer- 
ation of  regional  systems.  The  aerospace  industry  thus  seeks  a proliferation  of  systems. 

While  this  approach  may  produce  a short  run  profit  for  the*  aerospace  industry,  it  will 
produc  e a long  run  harvest  of  international  telecommunications  chaos  and  ill  will.  We 
cannot  afford  to  be  cast  in  the*  role  of  sponsoring  these  misguided  attempts  to  implement 
inefficient  and  unnec  essary  communications  satellite  systems  that  do  not  have  the  traffic 
base  to  make  their  operations  viable  or  to  achieve  the  economies  of  scale  possible  in  a sin- 
gle global  system.  In  this  case,  the  short  term  commercial  interests  of  our  aerospace  man- 
ufacturers are  in  conflict  with  the  national  and  international  objectives  of  creating  an 
effective  global  system  to  introduce*  a new  era  in  world  telecommunications  and  better 
serve  all  mankind. 

I).  National  Ambitions  of  Foreign  Governments 

Several  foreign  nations,  [bolded  passages  were  highlighted  with  a marker  in  the*  orig- 
inal] notably  France,  feel  that  they  must  develop  their  own  communications  satellite  capa- 
bility as  rapidly  as  possible  to  reinforce  national  prestige. 

An  important  motive  for  individual  nationalistic  control  of  communications  satellites 
stems  from  a desire  [bolded  passages  were  highlighted  with  a marker  in  the  original,  note 
in  margin:  “#!”]  to  continue  to  exercise  cultural  and  political  leadership  in  traditional 
areas  of  influence  without  intervention  by  an  international  body  such  as  INTELSAT.  [ note 
in  margin:  “#2"|  Equally  important  is  their  desire  to  create  a viable  option  which  can  be 
used  as  a negotiating  point  in  the  1969  discussions.  [ note  in  margin:  “Symphonic  ] 

1 6]  THE  IMPACT  OF  U.S.  DOMESTIC  COMMUNICATIONS  ISSUES 

A . The  Ownership  of  International  Earth  Stations 

The  recent  FCU  decision  to  share  ground  station  ownership  50-50  between  COMSAT 
and  the  communications  common  carriers  has  not  yet  reduced  conflict  or  speeded 
progress  as  had  been  hoped.  COMSAT’s  investment  capital  potential  has  been  cut  in  half 
but  the  record  carriers  still  want  more. 

As  more  and  more  international  traffic  shifts  communications  to  satellites,  the  rate 
base  position  of  the  international  carriers  will  become  progressively  worse,  further,  divid- 
ing ownership  among  COMSAT  and  the  five  international  carriers  seriously  jeopardizes 
the  profit  position  of  COMSAT  as  well.  So  long  as  we  have  the  present  irrational  arrange- 
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mem  of  international  common  carriers,  the  situation  is  certain  to  continue  to  get  worse. 
A merger  of  the  five  U.S.  international  carriers  is  becoming  increasingly  vital.  If  it  does 
not  take  place  soon  some  of  the  wiser  heads  in  the  industry  see  no  way  of  preventing 
Government  ownership  as  a way  of  bringing  order  out  of  chaos. 

B.  Patent  Problems 

The  INTELSAT  organization's  patent  provisions  are  already  a problem  that  promises 
to  become*  increasingly  acute.  Some  U.S.  aerospace  firms  are  balking  at  a requirement 
that  INTELSAT  be  given  patent  rights  to  all  patents  used  on  INTELSAT  contracts. 

C.  TV  and  Educational  TV  Interests 

The  proposals  of  the  Ford  Foundation,  American  Broadcasting  Company,  and  others 
to  create  a domestic  TV  distribution  system  via  communications  satellites  have  confront- 
ed the  FCC  with  problems  that  are  fraught  with  economic,  policy,  legal,  and  technical 
issues  which  overlap  and  impact  upon  our  international  agreements. 

T hese  domestic  issues  are  raising  serious  apprehensions  among  our  foreign  partners 
that  the  U.S.  intends  to  place  domestic  interests  and  pressures  ahead  of  better  world  com- 
munications. And,  of  course,  the  Soviet  Union  has  repeatedly  criticized  INTELSAT  as  a 
rich  man’s  club  being  run  for  the  primary  benefit  of  the  United  States. 

[7]  THE  “LIMITED  OBJECTIVES”  SYNDROME 

A.  Inadequate  Research  and  Development 

Communications  satellites  are  still  in  a very  early  stage  of  development  from  the  view- 
point of  both  technology  and  utilization.  In  order  to  achieve  the  goals  established  by  the 
Communications  Satellite  Act  of  1962,  a substantial  acceleration  of  research  and  devel- 
opment program  is  needed. 

A primary  task  is  to  produce  advanced  multiple  access  capabilities  to  serve  low  traf  fic 
density  terminals  of  the  developing  nations.  We  also  need  more  stable  space  platforms, 
better  pointing  accuracy  in  our  antennas,  and  improved  primary  power  sources  for  the 
space  vehicles. 

[bolded  passages  were  highlighted  with  a marker  in  the  original]  Although  COMSAT 
is  seeking  to  construct  a major  research  and  development  facility,  they  are  encountering 
strong  opposition  from  our  European  partners.  Such  a research  center  would  tend  to  be 
competitive  to  foreign  manufacturing  interests.  Certain  U.S.  aerospace  firms  have 
opposed  the  COMSAT  research  and  development  center  for  the  same  reason.  COMSAT 
is  certain  to  run  into  serious  trouble  unless  they  adopt  a carefully  planned  philosophy 
acceptable  to  their  foreign  partners  and  U.S.  industry. 

B.  Conflict  as  to  the  Proper  Pace  of  System  Implementation 

COMSAT  has  pushed  ahead  faster  than  desired  by  some  ofthe  European  partners  in 
order  to  create  an  operating  system  with  worldwide  coverage  prior  to  1969.  A successful 
system  will  be  the  best  possible  insurance  of  our  continuing  the  present  favorable  pattern 
of  international  agreements.  Within  INTELSAT,  however,  there  is  an  element  which  feels 
that  the  global  system  should  proceed  more  slowly  so  that  the  gap  in  aerospac  e technolo- 
gy between  the  U.S.  and  other  countries  can  be  closed  prior  to  major  deployment  of  the 
system.  There  is  also  a reluctance  among  those  nations  who  are  large  owners  of  telephone 
cable  systems  to  divert  traffic  to  satellites  so  long  as  channels  are  available  in  the  cables. 
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FEAR  OF  U S.  DOMINATION 
A.  Technology  Cap 

Many  foreign  nations  led  that  they  were  forced  to  accept  the  1904  communications 
satellite*  agreements  on  U.S.  terms  as  a result  of  deficiencies  in  theii  own  space  reseat <h 
and  development  capabilities. 

1 8]  These  nations  are  working  as  hard  as  | bolded  passages  were  highlighted  with  a mark- 
er in  the*  original]  possible  to  improve  their  technical  position  to  give  them  options  to 
strengthen  their  position  and  insure  more  equitable  participation  in  the  INTELSAT  orga- 
nization after  1969.  [note  in  margin,  arrow  pointing  to,  and  emphasizing,  the  following 
sentence | The  manner  in  which  the  U.S.  shares  its  technology  impacts  directly  on  this 
issue*.  We  are  eager  to  share  technology  with  those  nations  firmly  committed  to  IN  I EL- 
SAT.  We  do  not,  however,  find  it  in  the  U.S.  interest  to  provide  the  tools  with  which  a for- 
eign nation  can  circumvent  the  INTELSAT  agreements  by  contributing  to  the 
establishment  of  competing  regional  systems. 

IV  Leadership  in  INTELSAT  Administration  and  Management 

At  present  the  U.S.,  through  the  Communications  Satellite  Corporation,  serves  as 
( Tiairman  of  the  Interim  ( Communications  Satellite  Committee,  provides  the  Manage!  foi 
all  technical  operations  ol  INTELSAT,  and  has  [bolded  passages  weie  highlighted  with  a 
marker  in  the  original  ] a controlling  voting  interest  of  54  percent  in  most  decisions  of  the 
Consortium.  Many  foreign  nations  feel  that  this  is  an  unacceptable  domination  of  IN  I EL- 
SAT  by  the  U.S.  We  are  already  experiencing  pressure  within  the  Consortium  to  reduce 
the  influence  of  the  U.S.  and  to  strip  COMSAT  of  its  administrative  and  technical  control. 

T his  will  undoubtedly  he  an  important  point  in  the  1969  renegotiations. 

A GENERAL  DISORDER  OF  U.S.  INTERNATIONAL  COMMUNICATIONS 

A.  Inadequate  Responsiveness  to  Communications  Needs  of  the  U.S.  Government 

The  serious  conflicts  of  interest  that  have  existed  in  recent  years  among  li.S.  interna- 
tional communications  common  carriers  have  been  greatly  inc  reased  by  the  advent  of 
communications  satellites.  This  situation  has  resulted  in  increased  controversy  and  delay 
in  meeting  new  Government  requirements.  A recent  Department  of  Defense  requirement 
for  communication  service  to  Japan,  T hailand,  and  the  Philippines  to  provide  support  for 
operations  in  Vietnam  has'  resulted  in  many  conflicting  filings  with  the  Federal 
Communications  Commission.  This  conflict  and  others  like  it  have  raised  serious  doubts 
within  Government  agencies  concerning  the  ability  of  the  U.S.  international  common  car- 
riers, placed  as  they  are  in  a constant  conflict  of  interest,  to  provide  assured  and  rapid 
response  to  new  or  emergency  communications  requirements  of  the  Government. 

Such  uncertainties  create  a growing  incentive  for  the  Government  to  reverse  previous 
trends  toward  increased  use  of  international  common  carriers  and  to  turn  instead  to 
greater  dependency  upon  and  use  of  [9]  Government  owned  communications  satellite 
systems.  Since  the  U.S.  Government  is  by  far  the  largest  single  user  of  international  com- 
mercial communications  channels,  loss  of  any  portion  of  this  business  by  the  cauuis 
could  have  a serious  adverse  effect  on  all  the  international  carriers,  hut  particularly  on  the 
viability  of  international  satellite  communications. 

B.  Delays  in  U.S.  Earth  Station  Construction 

The  continual  controversy  and  divided  system  responsibility  in  U.S.  international 
communications  have  also  adversely  affected  and  delayed  construction  of  an  adequate 
U.S.  earth  terminal  complex  to  keep  pace  with  the  growing  communications  capacity  of 
the  space  segment.  On  the  East  Coast  of  the  U.S.  the  system  needs  two  full  scale  operat- 
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mg  terminals.  One  terminal  is  in  operation  hut  the  authorization  to  construc  t the  second 
terminal  has  now  been  delayed  for  over  a year  in  an  attempt  to  compromise  the  conflict- 
ing  interests  between  the  international  telegraph  c arriers,  the  Communications  Satellite 
Corporation,  and  our  domestic  common  c arriers.  By  1968  a second  communic  ations  sate  l- 
lite terminal  will  be  needed  in  Hawaii  and  another  one*  on  the*  West  Coast.  Both  of  these 
stations  should  he  under  construction  now.  They  are  not.  A major  factor  in  the  delay  has 
been  the  general  disorder  in  the  U.S.  international  communications  structure  and  the 
continuing  pattern  of  conflict  between  the-  carriers. 

C.  Confusion  and  Conflict  Resulting  from  the  Foreign  Interests  of  U.S.  International 
Common  Carriers 

1 he-  need  for  communications  satellite  earth  stations  in  foreign  countries  where  U.S. 
international  common  carriers  have  business  interests  has  created  dissension  among 
these  carriers  and  had  a very  serious  impact  on  the-  U.S.  image*  overseas.  In  the 
Philippines,  controversy  between  U.S.  common  carriers  concerning  responsibility  for 
assisting  in  the  organization  of  communications  satellite  activities  and  the  construction  of 
an  earth  terminal  resulted  in  a long  period  of  stalemate  and  confusion.  The  ultimate*  deci- 
sion on  tlie  part  of  the  Philippine  Government  was  to  sharply  reduce  tin*  ac  tivity  of  U.S. 
carriers  within  the  Philippines. 

A similar  situation  has  developed  in  Central  and  South  America  where  certain  of  our 
international  carriers  are  fighting  a rear  guard  action  against  loss  of  their  operating  fran- 
chises. I hese  conflicts  and  controversies  arc*  delaying  the  construc  tion  of  satellite  earth  ter- 
minals in  direct  opposition  to  the*  announced  United  Stales  policy  to  promote*  a rapid  growth 
of  satellite  communic  ations  capability  so  as  to  str  engthen  bonds  within  this  hemispher  e. 

Document  1-25 

Document  title:  Leonard  H.  Marks,  Ambassador,  Chairman,  “Report  of  the  United  States 
Delegation  to  the  Plenipotentiary  Conference  on  Definitive  Arrangements  for  the 
International  Telecommunications  Satellite  Consortium  (First  Session),  Washington, 

D. C.,  February  24-March  21,  1969,”  April  10,  1969. 

Source:  NASA  Historical  Reference  Collection,  History  Office,  NASA  Headquarters, 
Washington,  D.C. 

I'hr  1964  Interim  Airmen!  that  created  IN' ILLS  AT  specified  that  after  five  years  a conference 
would  he  called  to  develop  a definitive  agreement  for  the  organization.  Accordingly,  a Plenipotentiary 
(jonfeieni e on  l)efi nitride  Arrangements  for  the  International  'Telecommunications  Satellite 
Consortium  convened  in  Washington,  D.C.,  on  February  24,  1969 . 1 he  report  of  the  l \S.  delegation 
on  the  first  session  of  that  conference  detailed  the  many  areas  of  disagreement  that  would  have  to  he 
resolved  before  a definitive  agreement  was  possible . It  took  snieral  years  of  difficult  negotiations  before 
that  objective  was  achieved.  The  definitive  agreements  for  IN 1ELS A T went  into  effect  on  May  21 
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Report  of  the  United  States  Delegation 
to  the  Plenipotentiary  Conference 
on  Definitive  Arrangements  for  the 
International  Telecommunications  Satellite  Consortium 

( First  Session) 

Washington,  D.C. 

February  24-March  21,  1909 

Submitted  In  ihe  Secretary  of  Slate: 

Leonard  II.  Marks,  Ambassador 
Chairman,  United  Stales  Delegation 
April  10,  1909 


Summary 

The  purpose  of  the  Conference  is  to  establish  definitive  arrangements  lor  the 
International  Telecommunications  Satellite  Consortium  (INTFLSAT).  During  the  period 
February  24  to  March  21,  1909,  90  interested  member  and  non-member  countries 
exchanged  views  on  genera!  aspects  and  specific  details  of  proposed  definitive  arrange- 
ments. No  final  decisions  were  taken  by  the  Conference,  which  stands  recessed  until 
November  fS,  1909,  at  which  time  it  is  expected  that  draft  definitive  arrangements  will  be 
considered  by  the  reconvened  Conference.  In  the  interim,  an  intersessional  Preparatory 
Committee  is  being  formed  to  develop  the  draft  definitive  arrangements. 

I lie  Conference  provided  the  first  occasion  since  the  interim  arrangements  were 
signed  in  1904  for  governments  in  their  sovereign  capacity  to  examine  the  organization 
collectively.  Hence*  il  is  not  surprising  that  political  factors  influenced  the  positions  taken 
by  many  delegations.  However,  the  avoidance  of  the  extraneous  political  issue's  often 
raised  at  international  conferences  is  notable.  There  have  been  no  challenge's  to  creden- 
tials and  no  polemics  on  issuers  outside  the  business  of  the  Conference. 

The  Conference  worked  in  its  first  session  through  four  working  committees  and  in 
plenary  session.  The*  various  ( iommittee  reports  produced  have*  bee*n  referred  to  the*  inter- 
sessional  Preparatory  Committee*  and  will  provide  a basis  for  that  Committee's  work. 

I.  Background 

Following  a serie*s  of  successful  communication  satellite  experiments  by  Government 
and  industry  in  the*  United  State*s  in  the*  period  1958-1963,  the  United  State's  undertook, 
pursuant  to  the'  terms  and  mandates  of  the  Communications  Satellite  Act  of  1962,  to 
establish,  in  conjunction  and  in  cooperation  with  ot.he*r  countries,  a single*  global  com- 
mercial communication  satellite  system.  After  several  months  of  international  bilateral 
and  multilateral  negotiation  |2|  in  1963—64,  the*  Government  of  the  United  State's  con- 
vened a Plenipotentiary  Confere*iice*  at  Washington,  D.C.  in  July  1964,  at  whic  h te  xts  of 
two  agreements  were*  initialed  by  19  participating  Governments.  The  first  is  the*  intergov- 
ernmental Agreement  Kstablishing  Interim  Arrangements  for  a Global  Commercial 
Communications  Satellite  System,  in  which  the  parlies  agreed  to  establish  a global  com- 
munication satellite  system  in  cooperation  with  one  another.  A related  Special 
Agreement,  signed  by  Governments  or  telecommunications  entities  designated  by  mem- 
ber Governments,  contains  details  relating  to  operation,  financial  aspects,  procurement. 
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control  and  maintenance  of  the  global  satellite  system.  The  U.S.  Government  is  a party  to 
the  first  Agreement  and  the  Communications  Satellite  Corporation  (ComSat),  the 
telecommunications  entity  designated  by  the  U.S.  Government,  is  a signatory  of  the  sec- 
ond (Special)  Agreement.  Pursuant  to  these  two  Agreements,  opened  for  signature  on 
August  20,  1964,  the  cooperating  member  countries  brought  into  existence  the 
International  Telecommunications  Satellite  Consortium  (INTELSAT),  which  now  has 
68  member  countries. 

Pursuant  to  Article  IX  of  the  Interim  Agreement,  the  governing  body  oflNTELSAT — 
the  Interim  Communications  Satellite  Committee  (ICUS) — produced  a report  containing 
the  Committee’s  recommendations,  and  other  shades  of  opinion,  on  definitive  arrange- 
ments for  the  organization.  This  report  was  issued  to  all  INTELSAT  member 
Governments  on  December  SI,  1968. 

Under  other  terms  of  Article  IX  the  United  States  was  obligated  to  convene  a plenipo- 
tentiary conference  to  consider  the  ICUS  Report  within  90  days  of  the  date  it  was  issued. 
In  compliance  with  this  obligation,  the  United  States  convened  the  Plenipotentiary 
Conference  on  Definitive  Arrangements  for  the  International  Telecommunications 
Satellite  Consortium  in  Washington  on  February  24,  1969.  After  four  weeks  of  work,  the 
Conference  recessed  its  first  session  on  March  21,  1969.  This  report  covers  that  session. 

II.  Agenda  of  the  Conference 

As  adopted,  the  agenda  provided  for: 

1.  Election  of  the  Chairman 

2.  Adoption  of  the  Agenda 

[8]  8.  Adoption  of  Conf  erence  Rules  of  Procedure 

4.  Election  of  other  Officers 

5.  Organization  of  the  Conference 

A.  Credentials  Committee 

B.  Editorial  Committee 

C.  Working  Committees 

6.  Report  of  the  Credentials  Committee 

7.  Consideration  of  the  report  and  recommendations  of  the  Interim 

Communications  Satellite  Committee  and  of  definitive  arrangements  for  the 

International  Telecommunications  Satellite  Consortium 

8.  Signing  of  definitive  arrangements 

The  Conference  followed  this  agenda,  completing  items  1-6,  including  adoption 
unanimously  of  the  rules  of  procedure,  established  its  work  program,  and  proceeded  in 
working  committees  to  consider  the  wide  variety  of  proposals  contained  in  the  ICUS 
report,  as  well  as  other  proposals  introduced  during  the  Conference.  It  did  not  complete 
consideration  of  item  7,  die  substantive  business  of  the  Conference,  and,  of  course,  did 
not  reach  item  8,  signing  of  agreements. 

III.  Participation 

Sixty-seven  of  the  sixty-eight  members  of  INTELSAT  registered  at  the  Conference. 
They  were  Algeria,  Argentina,  Australia,  Austria,  Belgium,  Brazil,  Canada,  Ceylon,  Chile, 
China,  Colombia,  Denmark,  Ethiopia,  France,  Federal  Republic  of  Germany,  Greece, 
Guatemala,  India,  Indonesia,  Iran,  Ireland,  Israel,  Italy,  Jamaica,  Japan,  Jordan,  Kenya, 
Korea,  Kuwait,  Lebanon,  Libya,  Liechtenstein,  Luxembourg,  Malaysia,  Mexico,  Monaco, 
Morocco,  Netherlands,  New  Zealand,  Nicaragua,  Nigeria,  Norway,  Pakistan,  Panama, 
Peru,  Philippines,  Portugal,  Saudi  Arabia,  Singapore,  Republic  of  South  Africa,  Spain, 
Sudan,  Sweden,  Switzerland,  Syrian  Arab  Republic,  United  Republic  of  Tanzania, 
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Thailand,  Tunisia,  Turkey,  Uganda,  United  Arab  Republic,  United  Kingdom,  United 
States,  Vatican  City  State,  Venezuela,  Republic  of  Viet  Nam,  Yemen  Arab  Republic.  Only 
Irac|  was  not  represented. 

Observers  were  sent  from  the  following  twenty-nine  non-member  countries: 
Afghanistan,  Barbados,  Bolivia,  Bulgaria,  Cambodia,  Cameroon,  Congo  (K),  Costa  Rica, 
[4]  Czechoslovakia,  Ecuador,  Finland,  Ghana,  Hungary,  Ivory  Coast,  Liberia,  Maidive 
Islands,  Mauritania,  Mauritius,  Mongolia,  Paraguay,  Poland,  Romania,  Senegal,  Somalia 
Republic,  Southern  Yemen,  Union  of  Soviet  Socialist  Republics,  Uruguay,  Yugoslavia, 
Zambia.  In  addition,  observers  attended  from  the  United  Nations  and  the  International 
Telecommunication  [s]  Union.  Thus  a total  of  ninety[-]eight  delegations  attended  the  first 
session  of  the  Conference. 

A complete  list  of  participants  is  attached  as  Annex  A,  including  a list  of  the  United 
States  Delegation. 

Among  the  non-member  observer  countries,  a substantial  number  spoke  during  vari- 
ous meetings  of  the  Conference.  Particularly  the  USSR,  Poland,  Romania  and  some  of  the 
African  observer  delegations  presented  substantive  comments  and  views  on  questions 
being  considered  by  the  Working  Committees  of  the  Conference. 


IV.  Organization  of  the  Conference 

The  United  States,  as  host  Government,  provided  the  secretariat  and  physical  facili- 
ties for  the  Conference.  The  conference  facilities  in  the  State  Department  Building  were 
used.  In  addition,  the  main  auditorium  of  the  Pan  American  Health  Organization 
Building  was  used  for  several  committee  meetings.  Administrative  and  secretariat  support 
from  the  Office  of  International  Conferences  was  outstanding  throughout  the 
Conference  and  won  deserved  praise  from  many  delegations  at  the  final  plenary  session. 
In  addition,  the  Federal  Communications  Commission,  the  Office  of  the  Director  of 
Telecommunications  Management,  and  the  Communications  Satellite  Corporation  made 
available  secretarial  and  administrative  support  staff  and  equipment  which  contributed 
further  to  the  efficiency  of  the  overall  operation. 

The  Conference  was  formally  opened  by  the  Acting  Secretary  of  State,  Elliot  I,. 
Richardson.  The  names  of  the  elected  Conference  of  ficers  and  Committee  Chairmen  and 
Vice  Chairmen  are  set  forth  in  Annex  B.  All  Conference  officers  and  Committee 
Chairmen  and  Vice  Chairmen  were  unanimously  elected  and  there  were  no  objections  to 
the  [51  composition  of  any  of  the  Conference  Committees.  The  established  Working 
Committees  of  the  Conference  and  their  subject  matter  were  the  following: 


Committee  I 


Committee  II 


Committee  III 
Committee  IV 


Structure  and  Functions  of  INTELSAT  Consortium,  with 
particular  regard  to  questions  of  membership,  scope  of  ser- 
vices, organizational  structure  including  structure  of  major 
organs,  their  functions  and  voting. 

Legal  and  Procedural  Questions,  including  definitions,  legal 
status,  entry  into  force,  duration,  amendment,  withdrawal, 
settlement  of  disputes. 

Financial  Arrangements. 

Other  Operational  Arrangements,  including  procurement 
policy,  inventions  and  data,  technical  and  operational  matters. 


All  four  of  these  Committees  were  constituted  as  committees  of  the  whole,  i.e.  open 
to  participation  by  all  member  country  delegations,  and  all  committee  sessions,  though 
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nol  the  sessions  of  working  groups,  were  open  to  observers.  Most  of  the  work  of  the 
Conference  was  done  in  the  Committees,  with  plenary  meetings  held  only  at  the  begin- 
ning and  near  the  end  of  the  session. 

V.  Work  of  the  Committees 

Committee  1 — Structure  and  Functions 

Committee  I s work  program,  including  nine  specific  topics,  is  set  forth  in  Annex  C. 
To  facilitate  its  work,  the  Committee  formed  three1  working  groups,  each  of  which  pre- 
pared a report,  which  was  reviewed  and  accepted  by  tin*  Committee  and  forwarded  to  a 
plcnar  v meeting  for  consideration. 

Working  Group  A — flic  report  of  Working  Group  A (Com.  1/81,  Rev.  1)  deals  with 
the  purposes  and  objectives  of  INTELSAT  and  the  scope  of  INTELSAT’s  activities.  The 
Working  (>roup  developed  a draft  Preamble  for  the  definitive  arrangements,  a draft  (h) 
article  on  “Objectives  and  Purposes”  and  a draft  article  on  “Scope  of  Activities.”  These 
draft  articles  were  adopted  unanimously  by  the  ten-country  Working  Group,  subject  to 
notes  and  reservations  set  forth  in  the  report. 

The  Preamble  is  substantially  similar  to  the  Preamble  of The  I9b4  intergovernmental 
Agreement  and  represents,  in  substance,  the  points  which  the  U.S.  Delegation  sought  to 
have  included.  France,  supported  by  Syria,  Switzerland,  Belgium,  and  Sweden,  reserved 
on  the  question  of  the  use  of  the  word  “single”  in  the  phrase  “single  global  system,”  argu- 
ing that  the  term  is  ambiguous,  ignores  the  presence  of  other  communication  satellite  sys- 
tems in  the  world,  and,  therefore,  should  be  eliminated. 

The  objectives  and  purposes  of  the  organization  as  proposed  in  the  draft  article 
include  the  creation  of  a global  organization  to  establish  a single  global  commercial  com- 
munication satellite  system  (France  reserving  again  on  “single”)  “intended  primarily  to 
provide*  international  public  telecommunication  services  on  a commercial  basis  of  high 
quality  and  reliability,  and  sufficient  to  provide  such  services  to  all  areas  of  the  world.” 
This  statement  of  objectives  and  purposes  is  consistent  with  U.S.  views. 

I he  Working  Group  submitted  a proposed  article  on  the  organization  s authorized 
scope  of  activities.  The  draft  article  states  that  INTELSAT:  shall  provide  the  space  segment 
for  international  public  telecommunications  services;  shall  make  its  global  satellite  facili- 
ties available  for  domestic  public  telecommunications  services  on  a non-disc  riminatorv 
basis  if  this  would  not  affect  adversely  the  provision  of  facilities  for  international  public 
services;  may  provide*  facilities  in  the1  global  space*  segment  for  specialized  service,  pre- 
sumably domestic  or  international  in  scope,  if  this  would  be  both  technically  and  eco- 
nomically acceptable  and  does  not  affec  t adversely  the*  provision  of  international  public 
service's;  may  provide  separate  satellites  for  domestic  public  telecommunications  services: 
and  may  provide  separate  satellites  for  specialized  telecommunications  services,  presum- 
ably both  domestic  and  international  in  scope,  if  ibis  would  [7]  be*  both  technically  and 
economically  acceptable  and  does  not  af  fec  t adversely  the  provision  of  international  pul>- 
lic  services. 

All  hough  the*  Working  (.roup  agreed  on  this  text,  there  are  still  several  areas  of  less 
than  complete  agreement.  The  status  and  relative*  priority  of  domestic  traffic  is  a matter 
of  particular  concern  to  Denmark,  Pakistan,  Portugal,  the*  United  Kingdom  and  the 
United  States,  all  of  which  have  geographic  ally  separated  areas  between  whic  h communi- 
cation satellite  traffic  is  or  may  be  contemplated.  (The  U.S.  concern,  however,  relates  to 
all  domestic  traffic.)  In  connection  with  “specialized"  telecommunication  services. 
Frame1,  among  others,  expressed  concern  that  INTELSAT  mav  he  entering  into  are  as  or 
types  of  service  better  left  to  other  organizations  or  to  national  governments  to  provide. 
As  drafted,  the*  article  was  acceptable  to  the  United  States. 
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Winking  Group  B—Tlic  report  of  Working  Group  B (Com.  1/111)  deals  with  the 
structure  of  the  organization.  The  Working  Group  discussed  and  repot  ted  on  the  nature, 
composition  and  functions  of  the  major  organs  of  the  organization  including  an  assembly 
o'  "u‘'nh<  rs;  11  gweriiing  hotly  and  a manager.  No  draft  articles  were  prepared  although 
a number  of  proposed  drafts  were  submitted  to  the  group  and  are  reflected  in  the  report. 

te  eighteen-country  group  attempted  to  identify  anti  record  alternative  views  on  struc- 
ture of  the  organization  but  did  not  attempt  to  negotiate  or  reconcile  inconsistent  or 
incompatible  proposals. 

I here  was  unanimous  support  for  creating  an  assembly,  but  the  question  arose  as  to 
its  composition.  Some  thought  the  assembly  should  be  exclusively  a governmental  body 
(i.c.  participants  would  be  under  direct  government  control),  and  others  suggested  it  be 
an  assembly  of  telecommunication  operating  agencies  or  entities  which  are  the  signato- 
nes  to  the  operating  or  special  agreement.  The  United  States,  India  and  the  United 
ingdom,  among  others,  proposed  that  the  designation  of  delegations  to  the  assembly  be 
reserved  as  a matter  of  discretion  of  the  individual  member  countries.  An  alternative  solu- 
tion proposed  was  to  divide  the  assembly  into  (8)  two  assemblies,  (I)  an  assembly  ol  gov- 
ernments, meeting  less  regularly  and  concerning  itself  only  with  review  of  programs  and 
piogiess  iuul  possible  amendment  of  the  intergovernmental  agreement  and  (l>)  an 
assembly  of  telecommunication  operating  entities,  meeting  more  regularly,  pe,~haps. 
annually,  to  oversee  and  consider  the  management  and  progress  of  the  system. 

there  was  considerable  discussion  on  the  powers  of 'the  assembly,  and  proposals 
lange.  in  substance,  from  treating  the  assembly  as  the  equivalent  of  a stockholders'  meet- 
ing to  giving  the  assembly  direct  responsibility  and  decision-making  powers  relating  to 
operation  ol  the  system.  The  broadest  support  probably  is  for  the  relatively  less  opera- 
tionally responsible  assembly,  and  proponents  of  increased  assembly  powers  are  fewer  as 
the  powers  assigned  increase.  There  are  two  schools  of  thought  on  voting  in  the  assembly. 
Nearly  all  of  those  speaking  on  the  point  favored  one  nation-one  vole,  in  many  cases  how- 
ever, subject  to  the  assumption  that  the  assembly  will  have  relatively  limited  powers.  The 
l ntted  States  position  was  to  combine  one  nation-one  vote  yvith  a weighted  vote  reflect- 
mg  rekuivc*  levels  of  investment  of  the  members. 

I here  was  unanimous  opinion  in  the  Committee  favoring  establishment  of  a govern- 
s-V'c'r  ^!IVHl<'nt  l°  l,U’  Pn-scm  Interim  Communications  Satellite  Committee  (ICUS) 
ol  IN  KI.SAI.  It  was  unanimously  agreed  that  representatives  to  this  body  should  be  from 
the  telecommunication  operating  entities  involved.  There  was  a consensus  that  the  size  of 
the  body  should  be  limited  in  the  interest  of  efficiency  and  effectiveness,  although  all 
agreed  that  equitable  arrangements  should  be  made  for  representation  from  smaller 
member  countries  and  all  geographical  areas.  There  was  no  consensus  on  how  to  achieve 
these  goals  I here  also  was  no  specific  agreement  on  functions  of  the  governing  body,  but 
it  appeared  to  be  intended  by  most  delegations  that  its  functions  would  be  similar  in 
nature  and  scope  to  those  now  performed  by  the  ICUS.  Voting  in  the  governing  body  yvas 
discussed  Without  |<)J  conclusions.  There  is  general  agreement  that  voting  should  be 
weighted  to  reflect  relative  investment  in  or  use  of  the  system,  but  there  appears  to  be  sub- 
stantial support  for  the  view  that  no  single  country  or  small  group  of  countries  (2  or  8) 
should  be  able  to  impose  or  block  (veto)  a decision  of  the  governing  body.  (The  U.S.  cur- 
Kullv  has  an  Hfectivv  veto  power  under  the  interim  arrangements.) 

Hie  Working  Croup  reported  three  principal  views  on  the  management  arrange- 
ments for  (he  future  organization  and  the  proponents  and  supporters  of  each  view  pi<>- 
claimed  their  desire  to  ensure  efficient,  competent  management. 

Hie  proponents  of  the  first  view  maintained  that  the  definitive  arrangements  should 
establish  a linn  goal  ol  lull  internationalization  of  the  management,  under  a director  gen- 
eral. within  a .specific  period  of  time.  This  view  was  supported  bv  Belgium,  Frame.  India. 
■Switzerland,  the  Untied  Kingdom,  Canada  and  Germany,  among  others. 


114 


Till.  History  of  Satki.mtf.  Communications 


The-  proponents  of  the  second  view,  while  not  excluding  the  possibility  of  partial  01 
complete  internationalization  of  the  Manager  under  a director  general  felt  that  fixing  a 
rigid  time  period  in  which  this  goal  must  be  realized  might  interfere  with  the  necessity  of 
[c  Insuring  efficient  and  effective  management.  Australia,  Chile  Nigeria  and  Venezuela 
favored  this  approach.  Some  members  of  the  Working  Croup  who  supported  this  view 
warned  it  made  clear  that  staf  f should  be  recruited  on  the  basis  of  competence  rather  than 

on  the  basis  of  investment  or  geographical  representation  of  countries.  . 

A third  view,  expressed  by  the  United  States,  specifically  rejected  the  view  that  mtei- 
liationalization  of  the  Manager  should,  in  itself,  be  a primary  goal  or  common  aim. 
Efficient  management  should  be  the  only  goal  of  the  organization  regarding  the  struct  me 
of  its  management  body.  Internationalization  of  the  organization  should  be  addiesscd 
the  assembly  and  the  governing  body.  Subsequently,  the  U.S.  Delegation  indicated  that  we 
could  consider  dividing  the  management  function  and  creating  an  international  admin- 
istrative [ 10]  management  body  to  handle  administrative,  financial,  and  legal  bmctions, 
with  the  operational  manager  continuing  to  handle  other  functions.  I he  United  . ta its 
made  it  dear,  however,  that  the  concept  of  a director  general  interposilioned  between  the 
manager  and  the  governing  body  was  unacceptable. 

Working  Croup  C—Thc  report  of  Working  Croup  C (Com.  1/94)  deals  with  eligibili- 
ty for  INTELSAT  membership  and  the  question  of  relationships  with  non-member  coun- 
tries The  Working  Croup  produced  two  draft  articles,  one  on  membership  .which 
stipulates  that  only  International  Telecommunication |s]  Union  members  are  eligible  lot 
INTELSAT  membership;  and  one  setting  forth  principles  oi  access  to  the  system  which 
would  make  direct  access  to  the  space  segment  of  the  global  system  available  to  all  signa- 
tories and  other  slates,  countries  or  areas  not  members  of  the  organization  The  Cioup 
unanimously  supported  the  draft  articles,  with  Tunisia  however,  recording 1 
the  possibility  of  admitting  non-ITU  members  to  membership  m INTELSAT  should 
be  excluded.  A few  other  members  and  several  observers  also  spoke  in  favor  of  this  view 
in  meetings  of  the  parent  Committee,  though  a considerably  larger  number  of  members 

spoke  in  favor  of  ITU  membership  as  a condition. 

Committee  I discussed  the  topics  considered  by  its  Working  Croups  before  and  alu 
the  Croups  met.  In  addition,  the  topics  of  the  rights  and  obligations  of  members  and 
INTELSAT  relationship  with  the  ITU  were  discussed  in  the  Committee,  but  these  discus- 
sions did  not  go  beyond  a few  expressions  of  views  and  these  topics  were  not  assignee  to 
a Working  Croup.  The  Secretariat  prepared  and  distributed  a summary  of  the  mam  points 
touched  upon  in  these  discussions  (Com.  1/107,  Rev.  1). 

r.immillee  II— Legal  and  Procedural  Questions 

Committee  II  established  three  Working  Croups.  Its  agenda  is  set  forth  in  Annex  1). 

(Ill  Workintr  Croup  on  Legal  Status— Legal  status  was  examined  at  some  length  in  both 
the  Working  Croup  and  the  full  Committee.  All  of  the  other  members  of  'be  Working 
Group  (Brazil,  Chile,  Germany,  the  Philippines,  Sweden,  Switzerland,  and  the  I K.) 
opposed  the  U.S.  position  that  INTELSAT  should  continue  as  a joint  venttire  w.tho.it  legal 
personality.  Instead  they  favored  establishing  INTELSAT  as  a legal  entity  distinct  from  the 
participants.  The  joint  venture  was  described  by  the  U.S.  as  a viable  means.*  carrying  «w 
die  activities  and  purposes  of  INTELSAT.  The  majority  view  urges  that  INTELSAI  will  lx 
better  able  to  contract,  own  property,  sue  or  be  sued,  obtain  pi  ivileges  anc  immtini  tes, 
and  incur  and  dispose  of  liabilities  appropriately  if  it  is  a separate  legal  personality.  1 he 
United  States  position  is  that  all  these  functions  have  been  performed  and  can  continue 
to  be  performed  through  a joint  venture. 
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The  report  of  the  Working  Group  contains  separate  statements  of  the  majority  and 
U.S.  positions  and,  with  the  summary  record  of  the  Committee’s  discussion  of  the  report, 
was  transmitted  to  Committee  I for  consideration.  However,  the  matter  was  not  discussed 
in  Committee  I. 

Com.  II/9  (and  1 1)  contains  the  report  of  this  Working  Group. 

Working  Group  on  Accession.  Supersession  and  Buy-Out — 

Entry  Into  Force — The  U.S.  position  was  that  the  definitive  arrangements  should 
enter  into  forc  e upon  final  adherence  by  two-thirds  of  the  present  members  who  hold,  or 
whose  signatories  to  the  Special  Agreement  hold,  a substantial  proportion  (80%  was  sug- 
gested) of  the  investment  quota  under  the  Special  Agreement.  This  position  was  adopted 
as  the  majority  position  by  the  Committee,  but  the  exact  percentage*  was  left  to  be  decid- 
ed by  the  Plenary.  The  major  point  of  contention  concerned  the*  financial  criterion.  Some 
delegates  (Chile  and  Switzerland)  strongly  objected  to  a requirement  which  would  enable 
the*  largest  “shareholder”  to  block  the  entry  into  force  of  the  new  agreements.  Only  a 
small  minority  of  delegations  (Sweden,  f 12]  France  and  Mexico)  asserted  that  there  must, 
as  a matter  of  international  law,  be  unanimous  adherence  by  all  prior  members.  The 
remainder  appeared  to  accept  adherence  by  a substantial  majority  as  legally  sufficient. 

Transfer  of  Rights  and  Obligations — The  Working  Group  produced  two  alternative 
draft  articles.  The  first  of  these  would  transfer  the  rights  and  obligations  of  signatories  to 
the  interim  Special  Agreement  to  the  signatories  of  the  comparable  part  of  the  definitive 
arrangements,  including  transfer  of  ownership  in  undivided  shares.  The  second  approach 
transfers  all  rights  and  obligations  of  interim  signatories  to  INTELSAT  under  the  defini- 
tive arrangements.  The  two  approaches  are  contrasted  as  appropriate,  respectively,  for  a 
continued  joint  venture  or  the  establishment  of  an  organization  with  a legal  personality. 

Buy-Out — Committee  II  in  its  report  formulated  the  following  general  legal  princi- 
ples for  the  buy-out  of  non-continuing  members,  leaving  the  mechanics  to  Committee  III: 
(I)  fair  compensation  with  reasonable  expedition;  (2)  for  patents  and  data,  either  fair 
compensation  or  continued  enjoyment;  and  (8)  the  amount  of  compensation  to  be  set- 
tled by  negotiation  between  the  non-continuing  member  and  INTELSAT.  Failing  an 
agreement,  the  non-continuing  member  could  challenge  any  determination  by  the  gov- 
erning body  before  a neutral  arbitral  tribunal.  Although  there  appeared  to  be  no  opposi- 
tion to  the  principle  of  equitable  compensation  for  non-continuing  members,  Chile  and 
Sweden  argued  that  a non-continuing  member’s  share  cannot  be  bought  out  without  its 
consent. 

Com.  II/ 10  contains  this  Group's  report. 

Working  Group  on  Other  Matters — Com.  11/15  and  16  are  the  reports  of  this  Group. 

Privileges  and  Immunities — This  item  was  considered  at  some  length  in  the  full 
Committee  as  well  as  in  the  Working  Group.  The  report  of  Committee  II  on  this  subject 
noted  that  a majority  of  the  delegates  favored  including  in  the  intergovernmental  agree- 
ment two  general  provisions:  the  first  would  commit  the  host  [18]  state  to  conclude  a 
headquarters  agreement  providing  for  appropriate  privileges  and  immunities  within  the 
jurisdiction  where  the  headquarters  were  located;  the  second  would  authorize  the  hoard 
of  governors  to  negotiate  with  member  states  on  an  ad  hoc  basis  those  privileges  and 
immunities  appropriate  for  the  proper  functioning  of  INTELSAT  It  was  generally  recog- 
nized that  INTELSAT  would  obtain  tax  immunities  where  necessary,  although  provision 
for  such  immunities  should  not  be  specifically  made  in  the  intergovernmental  agreement. 
Some  delegates  expressed  the  view  that  INTELSAT  would  have  to  have  legal  personality 
in  order  to  be  granted  privileges  and  immunities  under  their  domestic  laws. 

Settlement  of  Disputes — There  were  three  major  points  of  controversy:  the  proper 
parties  to  arbitration;  the  selection  of  the  panel  from  which  the  third  member  (the  pres- 
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idem)  of  an  arbitral  tribunal  is  chosen;  and,  the  scope  of  arbitrable  disputes.  The  U.S. 
position  was  that  the  signatories  to  the  operating  agreement,  the  board  of  governors,  and 
the  assembly  should  be  the  only  competent  parties  to  an  arbitration  proceeding.  The 
majority  of  the  delegations  wanted  to  inc  lude  in  the  intergovernmental  agreement  some 
mechanism  for  settling  disputes  among  the  governments!’ ] parties  to  that  agreement. 
With  respect  to  the  selection  of  the  panel  members,  the  Working  (•roup’s  report,  which 
was  adopted  by  Committee  II,  slated  that  a majority  favored  selection  of  the  panel  by  the 
Assembly  without  weighted  voting.  This  was  inconsistent  with  the  U.S.  position  that  the 
selection  should  be  made  by  the  board  of  governors.  As  for  the  scope  of  arbitrable*  dis- 
putes, the  U.S.  position  that  the  scope  should  be  confuted  to  legal  disputes  received 
majority  support,  although  some  delegations  favored  a broader  scope.  The  majority 
favored  limiting  the  scope  to  legal  disputes  but  using  a different  formulation  from  that 
proposed  by  the  U.S. 

Amendment  Processes — Hie  U.S.  position  that  a proposed  amendment  to  the  oper- 
ating agreement  be  approved  by  the  board  of  governors  was  opposed  by  several  delegates. 
Although  there  was  general  agreement  that  no  amendment  to  the  operating  agreement 
should  be  made  [14J  without  the  consent  of  the  parties  to  the  intergovernmental  agree- 
ment, differing  views  were  expressed  as  to  the  manner  in  which  that  consent  should  be 
manifested. 

Liability  of  the  Signatories — This  matter  was  discussed  only  in  the  full  Committee.  A 
significant  issue  was  whether,  if  INTELSAT  is  given  separate  legal  status,  the*  signatories 
would  or  should  enjoy  limited  liability  for  INTELSAT  obligations.  There  was  significant 
opinion  that  limited  liability  automatically  followed  from  establishing  INTELSAT  with 
legal  personality.  The  U.S.,  along  with  Australia  and  Sweden,  fell  that  it  would  not. 
However,  Sweden  and  a number  of  other  delegations  expressed  the  view  that  limited  lia- 
bility is  an  advantage  which  should  be*  afforded  the  signatories.  A second  issue  was 
whether  exemption  of  the  signatories  to  the  operating  agreement  from  inter  se  liability 
should  extend  beyond  consequential  damages  arising  from  a breakdown  in  service.  There 
was  general  agreement  that  the  definitive  arrangements  should  not  impair  member  states' 
responsibilities  under  the  Treaty  on  Outer  Space. 

Withdrawal,  Reservations,  Definitions  and  Number  of' Agreements — Withdrawal  was 
discussed  only  briefly  in  Committee  II.  No  general  agreement  was  discernible. 

The  matters  of  reservations  and  definitions  were  deferred  until  the  final  text  of  the 
agreement  has  been  generally  established.  There  appeared  to  be  no  opposition  at  this 
time  to  the  U.S.  position  prohibiting  reservations. 

An  overwhelming  majority  supported  the  U.S.  position  for  two  agreements,  with  some 
delegates  reserving  until  more  is  known  of  the  final  te  xt. 

Committee  111— Financial  Arrangements 

Committee  Ilfs  work  program  is  shown  in  Annex  K.  Its  report  is  Doc.  1(>. 

[ 15]  There  was  general  agreement  in  the  Committee  that  investment  in  the  system  should 
be  related  to  use*,  as  the  U.S.  had  proposed,  though  some  countries,  principally  tin*  Arab 
group,  favored  applying  the  investment/use  system  only  after  allocating  a base  share*  of 
investment  to  each  member.  There  was  near  agreement  on  a minimum  share  for  each 
member,  regardless  of  its  use  of  the  system,  most  delegations  favoring  0.05%.  However, 
many  delegations  thought  members  with  lower  use  should  not  be  required  to  accept  this 
minimum. 

The  Committee  divided  three  ways  on  the  question  of  what  types  of  use  of  the  system 
should  be  counted  in  determining  investment  shares,  about  one-third  of  those  countries 
that  expressed  views  (including  the  U.S.)  favoring  all  use  of  IN  I LLSAI-linanced  facilities, 
one-third  favoring  international  traffic  only,  and  another  group  proposing  to  count  inter- 
national traffic  and  that  domestic  traffic  that  crosses  international  boundaries  (or  would 
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do  so  if  projected  on  tilt*  sur  face  of  the  earth).  Ihe  ideas  of  several  delegations  on  this 
question  clearly  were  related  to  the  question  of  voting  strength  in  the  organization.  It  was 
agreed  that  shares  should  he  adjusted  periodically,  but  left  open  whether  adjustments 
would  be  based  on  past  (U.S.)  or  projected  use  or  some  combination  of  the  two.  I here 
was  also  a division  of  views  on  the  question  of  circumstances  under  which  a signatory 
could  decline  to  accept  an  increased  or  decreased  share. 

It  was  agreed  by  all  but  a few  members  that  there  should  be  a utilization  charge,  part- 
ly as  a means  of  compensating  owners  whose  share  is  larger  than  their  use  prior  to  adjust- 
ment of  shares.  Working  Group  1,  which  handled  most  of  the  Committee’s  work, 
recommended  the  cost  of  money  plus  about  2%  as  the  basis  of  compensation  foi  use  of 
capital  in  determining  utilization  charges. 

Committee  Ill’s  second  Working  Group  considered  financial  provisions  relating  to 
transition  from  the  present  agreements  and  possible  withdrawals  from  | lb]  the  organiza- 
tion. While  the  Working  Group  did  not,  and  did  not  attempt  to,  reach  final  agreement, 
there  was  general  agreement  on  the  principles  that  should  be  applicable.  It  should  not  be 
too  difficult  to  reach  agreement  in  this  area. 

Working  Group  3 agreed,  with  respect  to  financial  access  to  the  system  by  non-mem- 
bers, that  the  organization,  in  establishing  space  segment  utilization  charges  for  non- 
members!,]  should  take  account  of  the  fact  that  non-members  have  not  borne  any  of  the 
risks  and  obligations  of' membership.  I bis  would  me  an  that  a rate  charged  to  non-mem- 
bers should  take  account  of  both  the  cost  of  the  members’  c apital  and  the  risk  they  have 
taken  in  investing  in  the  system. 

Committee  IV — Othe  r Operational  Arrangements 

Committee  IV,  which  had  two  Working  Groups,  considered  only  procurement  policy 
(Working  Group  A)  and  patent  and  data  polity  (Working  Group  B). 

On  procurement  policies  there  developed  three  alternative  approaches:  (1)  a rela- 
tively simple  provision  calling  Ibr  international  tenders  and  contractoi  selection  on  the 
basis  of  the  best  combination  of  price,  quality  and  timely  delivery;  (2)  retention  of  the 
existing  interim  arrangement  provisions,  which  have  allowed  inlet  national  spieading  of 
contracts;  and  (3)  the  amplification  of  (1)  above  by  addition  of  specific  language  encour- 
aging international  spreading  of  contracts  with  distribution  roughly  proportionate  to  rel- 
ative investment  percentages  of  members.  There  is,  in  fact,  little  actual  difference  in  the 
probable  practical  effect  of  alternatives  (2)  and  (3).  The  United  Stales,  and  apparently  a 
majority  of  those  countries  expressing  themselves  on  this  issue,  favored  alternative  (1). 
The  United  Kingdom  and  Japan  supported  alternative  (2)  and  France  supported  alterna- 
tive (3).  The  proposed  specific  wording  is  set  forth  in  the  Committee’s  report  (Doc.  12). 

( 17]  With  regard  to  patent  and  data  policy,  two  alternatives  emerged.  The  United  States, 
the  United  Kingdom  and  others  favored  a provision  which  would  leave  to  the  disci etion 
of  the  Governing  Body  the  particular  patent  policies  to  he  applied  in  each  contract  nego- 
tiation. Canada,  Germany,  India,  France  and  others  proposed  a patent  provision  which 
would  establish  in  the  definitive  arrangements  a fixed  non-exclusive  license  policy  pur- 
suant to  which  any  INTELSAT  contractor  would  get  title  to  inventions  and  data  developed 
under  INTELSAT  contracts,  and  the  organization  would  lake  a non-exclusive  license  to 
list'  the  information  only  in  connection  with  space  segments  and  would  thus  forego  con- 
trol over  the  contractor’s  use  of  the  information.  There  was  virtually  unanimous  agree- 
ment that  to  the  extent  INTELSAT  obtains  rights  in  inventions  and  data,  they  should  be 
made  available  on  a royalty-free  basis  for  use  in  the  INTELSAT  space  segment  and  on  a 
reasonable  royalty  basis  lor  other  uses.  The  alternative  patent  and  data  policies  are  set 
forth  in  Com.  IV/ 10  and  1 1. 
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The  Credentials  (Committee 

The  Credentials  Committee  was  nominated  by  the  Conference  Chairman  and 
approved  during  the  initial  plenary  meeting.  Its  members  were  Ireland,  Norway,  Panama, 
Philippines  and  Turkey.  The  Committee  elected  the  representative  of  Turkey  Chairman. 
The  Committee  found  all  credentials  to  be  in  order  and  its  report  was  accepted  without 
discussion  by  the  Conference. 

The  Editorial  Committee 

The  Editorial  Committee  was  nominated  by  the  Conference  Chairman  and  approved 
by  the  plenary.  Its  members  are  Belgium,  Canada,  Colombia,  France,  Jamaica,  Mexico, 
Spain,  the  United  Kingdom,  and  the  United  States.  There  being  no  work  to  be  done  on 
final  texts,  the  Editorial  Committee  did  not  meet  or  function  at  the  first  session  of  the 
Conference. 

[18]  The  Steering  Committee 

Composition  of  the  Steering  Committee  was  provided  for  in  the  Conference  Rules  of 
Procedure  as  follows:  Chairman — Conference  Chairman  (USA);  members — the  four 
regional  Vice  Chairmen  (Netherlands,  Venezuela,  India  and  Algeria;  but  the 
Representative  of  The  Netherlands  left  and  was  replaced  by  the  Swiss  Representative  in 
the  fourth  week)  and  the  Chairmen  of  the  four  Working  Committees  (Argentina,  Japan, 
Australia  and  Italy).  The  Steering  Committee  met  regularly  throughout  the  first  session, 
coordinating  the  program  of  the  Conference.  This  Committee  prepared  the  proposal 
adopted  by  the  Conference  to  establish  an  intersessional  Preparatory  Committee  (Annex 
G)  which  is  discussed  in  detail  in  Section  VII  below. 

VI.  Plenary  Session  of  the  Conference 

The  Conference  met  in  five  plenary  sessions.  At  the  initial  plenary  the  agenda  was 
adopted,  committees  were  formed,  and  conference  officers  were  elected.  There  were  four 
plenary  sessions  during  the  final  week  to  receive  and  consider  the  Working  Committee 
reports. 

The  opening  session  proceeded  thorough  the  agenda  as  planned  without  any  diffi- 
culties. Prior  to  adoption  of  the  Conference  Rules  of  Procedure,  representatives  from 
Italy,  Nigeria  and  India  sought  assurances,  which  were  given  by  the  Conference  Chairman, 
that  the  rules  with  regard  to  statements  of  observers  would  be  interpreted  liberally  to 
ensure  the  fullest  possible  exchange  of  views.  The  United  Kingdom  suggested  and  was 
assured  that  maximum  opportunity  would  be  made  available  to  achieve  consensus  on  all 
matters. 

Sweden  introduced  a comprehensive  and  novel  set  of  draft  definitive  arrangements 
(Doc.  8).  This  draft  was  not  given  much  direct  attention  by  the  Conference.  The  only 
other  comprehensive  draft  agreements  submitted  were  tabled  by  the  United  Stales  at  the 
end  of  the  first  week  of  the  Conference  (Doc.  10).  These  draf  ts  were  not  discussed  as  such, 
but  various  articles  were  considered  by  the  Conference  Committees. 

[ 19]  At  the  four  plenary  sessions  held  during  the  final  week,  reports  were  received  from 
the  Working  Committees  and  were  discussed.  Because  of  the  number  of  unresolved  issues 
and  the  general  complexity  of  definitive  arrangements,  it  became  obvious  that  substan- 
tially more  time  would  be  required  to  develop  final  texts.  It  was  decided,  on  the  recom- 
mendation of  the  Steering  Committee,  to  recess  the  Conference  March  21,  1969  and  to 
refer  the  Committee  reports  and  all  other  relevant  Conference  documents  to  an  interses- 
sional Preparatory  Committee  for  study  and  work.  A proposal  to  provide  for  interim  work 
was  discussed  at  some  length  during  the  fourth  plenary  session  and  the  Steering 
Committee  was  requested  to  revise  the  proposal  to  reflect  the  views  expressed.  A revised 
paper  was  submitted  to  the  filth  and  final  plenary  and  was  adopted  unanimously  without 
discussion  (Annex  G). 
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VI I . Future  Meetings 

The  Conference  provided  for  two  types  of  future  meetings.  First,  member  and  observ- 
er countries  are  to  notify  the  Conference  Secretariat  if  they  intend  to  participate  in  or 
observe  meetings  of  the  intersessional  Preparatory  Committee,  which  is  to  convene  m 
Washington  as  soon  as  possible  after  May  20,  on  a date  to  be  notified  by  the  Con  ft  icntc 
Secretariat.  The  Committee  is  then  to  meet  again  thereafter  at  such  times  as  it  may  decide 
as  necessary  to  complete  its  work. 

A second  plenipotentiary  session  of  the  Conference  is  scheduled  to  convene  in 
Washington  on  November  18,  1969. 

I he  Preparatory  Committee  is  intended  to  be  broadly  representative  of  all  aieas  and 
attitudes.  It  is  encouraged  to  resolve  in  an  objective  manner  differences  of  views  piesent- 
ed  during  the  Conference,  although  it  is  not  empowered  to  negotiate  definitive  arrange- 
ments. No  country  will  be  bound  by  the  views  and  positions  of  the  Committee’s  report, 
whether  or  not  it  is  represented  on  the  Committee. 

The  Committee  is  instructed  to  elect  its  own  Chairman  and  to  establish  its  own  pro- 
cedures and  methods  of  work.  Its  report  is  to  be  circulated  through  the  Secretary  General 
of  the  Conference  at  least  sixty  days  prior  to  the  reconvening  of  the  Conference.  The 
report  will  be  in  1 20]  the  form  of  draft  agreements,  with  such  alternate  drafts  of  specific 
articles  as  may  be  necessary  to  reflect  differences  of  significant  views.  However,  degrees  of 
support  are  not  to  be  reflected  in  the  report. 

If  the  Committee  should  be  unable  to  complete  its  work  in  time,  it  may  postpone  the 
reconvening  of  the  Conference  and  request  the  host  Government  (U.S.)  to  reconvene  the 
Conference  at  the  earliest  convenient  date. 

VIII.  ( Conclusions 

From  t he  outset  it  was  known  that  the  task  of  establishing  definitive  arrangements  for 
a global  commercial  communication  satellite  system  would  be  demanding,  complex  and 
time  consuming.  During  the  four  weeks  of  this  session,  the  Conference  collected,  consid- 
ered and  condensed  a great  many  views.  This  was  an  essential  and  desirable  first  step. 

Machinery  has  now  been  established  for  further  significant  steps,  i.e.  preparation  of 
drafts  and,  hopefully,  resolving  of  differences  of  views.  This  work  is  to  be  done  in  the  inter- 
sessional Preparatory  Committee.  The  Committee’s  work  product  will  be  draft  agree- 
ments, including  alternative  provisions  where  appropriate,  which  all  interested  countries 
can  consider  prior  to  and  at  a reconvened  session  of  the  Conference,  now  scheduled  for 
November  1969. 

One  overriding  value  of  the  first  session  was  the  educational  benefit  it  offered  to  all 
participating  countries.  Many  countries,  particularly  those  not  represented  on  the  IGUS, 
expressed  their  views  at  this  session  for  the  first  time.  Many  of  the  earlier  published  posi- 
tions of  other  countries  were  explained,  elaborated  and  documented.  In  the  increased 
international  understanding  it  produced,  and  in  the  high  level  of  international  coopera- 
tion it  evidenced,  this  first  session  was  undoubtedly  successful.  The  individual  and  joint 
efforts  of  all  the  participating  representatives  and  observers,  particularly  those  of  the 
Conference  officers  and  Committee  and  Working  Group  Chairmen,  have  advanced  the 
prospects  of  successful  conclusion  of  these  considerations  immeasurably. 

The  first  session  appropriately  concluded  on  a note  of  constructive  optimism  and 
cooperation.  The  provisions  for  further  work  and  deliberations  should  make  possible  [2 1 ] 
a continued  valuable  exchange  of  views  and  timely  conclusion  of  definitive  arrangements 
for  the  presently  operating  global  commercial  communications  satellite  system  estab- 
lished by  I NTK  US  AT.  . 

The  Chairman  of  the  Delegation  wishes  to  thank  the  other  members  of  the 
Delegation  for  their  very  able  assistance  and  sound  advice. 
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| hand-signed:  "Leonard  H.  Marks”] 
Leonard  H.  Marks,  Ambassador 
Chairman,  United  States  Delegation 


Document  1-26 

Document  title:  “Second  Report  and  Order  in  the  Matter  of  Establishment  of  Domestic 
Communications-Satellite  Facilities  by  Non-Governmental  Entities,”  Docket  No.  16495, 
June  16,  1972. 

Source:  Federal  Communications  Commission  Reports:  Decisions  and  Reports  of  the  Federal 
Communications  Commission  of  the  United  States,  June  9 , 1972  to  August  4 , 1972 , Volume  35, 
Second  Series  (Washington,  DC:  U.S.  Government  Printing  Office,  1974),  pp.  844-851 
860-867. 

When  the  original  institutional  arrangements  for  communicating  via  satellite  mere  discussed  during 
the  1962—1964  period , the  White  House  and  Congress  focused  on  setting  up  a system  for  interna- 
tional communications  as  quickly  as  possible.  Little  attention  was  given  to  issues  related  to  using  com- 
munications satellites  for  domestic  sendees  within  the  United  States.  Beginning  in  1966,  hown>ei; 
various  companies  began  to  apply  to  the  Federal  Communications  Commission  for  authorization  to 
develop  and  operate  such  domestic  satellite  systems.  This  order  and  accompanying  report  represent  the 
Federal  Commu ni( otions  (commission  s decision  on  the  matter,  opening  the  U.S.  domestic  market  to 
interested  multiple proxdders  of  xiarious  communications  services  via  satellite. 


|844) 

Federal  Communications  Commission  Report 


F.C.C.  72-531 


BEFORE  THE 

FEDERAL  COMMUNICATIONS  COMMISSION 

WASHINGTON,  D.C.  20554 


In  the  Matter  of 

ESTABLISHMENT  OF  DOMESTIC  COMMUNICATIONS^  ) 

SATELLITE  FACILITIES  BY  NON-GOVERNMENTAL  } Docket  No  16495 

ENTITIES  ) 

SECOND  REPORT  AND  ORDER 

(Adopted  June  16,  1972;  Released  June  16,  1972) 

BY  THE  COMMISSION:  CHAIRMAN  BURCH  DISSENTING  AND  ISSUING  A STATE 
MEN  I IN  WHICH  COMMISSIONERS  REID  AND  WILEY  JOIN;  COMMISSIONER 
JOHNSON  CONCURRING  AND  ISSUING  A STATEMENT.’ 

L PROCEEDINGS  BEFORE  I HE  COMMISSION 

1.  Phis  proceeding  was  instituted  by  die  Commission  on  March  2,  1966  (Notice  of 
Inquiry,  31  F.R.  3507;  Supplemental  Notice  of  Inquiry,  October  20,  1906,  31  ER.  13703) 
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:;^!:';>,VVr,,l,S  lt  Kal'  u‘<hn,ral  alul  P0,K7  <|,u‘sl'ons  associated  Willi  tin-  possible  auiho- 

M-  c h 24  I Str  ,m,nU,,IQ '!H,,S  T,l'"iU'  ,;uili'i(s  nonKovt‘rn„u‘nial  entities.  ()„ 

, . ’ (70’  lt  ( (-<w»nnssion  issued  a first  Report  and  Ordn  (1970  Report)  invitintr  the 

submission  of  appl.rations  to  assist  our  determinations  (22  FCC  2d  8b  Sf,  K R 5')',li)^md 
consolidated  a concurrently  issued  Notice  of  Proposal  Rule  Making  (22  FCC  2d  810)  In 
response  the  1970  Report,  system  applications  were  filed  by  .he  following: 

Hie  Western  l moil  lelegraph  Company  (Western  Union) 

Hughes  Aircraft  Company  and  various  telephone  operating  companies  of  (UK 
St.i  vice  Cot  pot  ation  (Hughes/GTK) 

Western  THc-Comimmu  ations,  Inc . (WTCI) 

R(;A  Cloba!  (jtmmnmiea.ions  Inc.  and  RCA  Alaska  Communications,  Inc.  (RCA 
Clobcotn/RCA  Alascom  or  “the  RCA  applicants") 

Communications  Satellite  Corporation  and  American  Telephone  and  Telegraph 
Company  (Comsat/ AT&T)  h 1 

( ’omsat 

M(  J Loc  kheed  Satellite  Corporation  (MCI  Loc  kheed) 

Fairc  hild  Industries,  Inc  . (Fairc  hild) 

In  addition,  applications  for  earth  stations  only  were  filed  by- 
Hawaiian  lelephone  (Company 
I win  County  Trans-Video,  Inc. 

TelePrompTer  Corporation 

LVO  Cable,  Inc  .,  and  United  Video,  Inc. 

Phoenix  Satellite  Corporation 

2,  J <,n""rUS  a",d  < ommrn,s  on  «ht'  applications  and  rule  ..taking  issues  were 
and  Or  °m  f a|)l>luan^  an‘l  «‘h«*r  interested  parties.  By  a Memorandum  Opinion 
; d ),fU  ,SS'U-d  0"MaTh  1 '•  1972  ¥CC  ‘2<l  1 ).  tlu-  Commission  afforded  the  parties 
an  oppo,  tunny  to  bin  wr.lU  n comments  and  to  be  heard  orally  on  a proposed  Second 

Bureau ‘fsl  ff  ,,<  < ' K ( . 2(1  9>  '<  < <»■,, ttte.tded  by  the  Chief  of  the  Common  Carrie, 
.m  (stall  i commendation).  Written  comments  were  received  and  oral  argument 
bcfoic  he  Commission  cn  banc  was  held  on  May  1-2,  1972.'  h 

T Upon  consideration  of  the  entire  record,  we  are  of  the  view  that  tlu-  staf  f recom- 
mendation adequately  describes  the  background  of  this  proceeding,  the  general  nature  of 

art!!?  n'd  aW>l,;:at,°ns*  MU\tht\  P* t vi,,“sIy  ‘'tied  comments  and  reply  comments  of  the 
the  applications  and  rule  making  issues.  Accordingly,  we  will  adopt  the  descrip- 

. PO  nS,  °f  Il  H',  Sta<]  commendation  without  reiterating  such  material  her!- 
Howevet,  as  stated  in  the  Memorandum  Opinion  and  Order  of  March  17,  1072  out  action 
i"  d(  s,K"a"ng  the  stall  recommendation  lot  written  and  oral  eonm.ent  was  taken  “before 
leaching  any  deter, n.na.ions  in  this  matter"  and  "therefore  does  not  reflect  any  predis- 
pc.sitt.m  by  the-  Commission  with  respec  t lo  the  resolution  of  the  issues  involved"  (154  FCC 
.d  a,  _).  I he  Commission  s determinations,  whic  h are  set  forth  below,  incorporate  the 

cvlen,?>i,T!rnK  a"  °M  ,hC  iSSlU‘S  °n'y  as  exPrcssly  indicated  herein  or  to  the 

u y au'  ‘ loal  consistent  with  our  statements  of  policy  and  conclusions. 


! . 


Th  e 


. ,,  . ‘‘ntlM‘‘S  wh“  l,ad  1,01  P't  vioiisly  participated  in  this  pmeeedinir  Wl.rt.  ,rraim.fl  |r  1V(.  ,n  hv 

}u‘n<l  u,allv:  ,h<  f^'pni  IMicnl  of  Defense  and  the  Network  Project  (FCC  7‘M|  b The  motion^  v i ’ 

; : ;;  \zrr  rrv'  "u,liy  iM  :,,,,h<r  ; 

M""'  " l'll<  M,rh  s,i,u'"'<  *"s  liavc-  Iktii  placed  in  the  record,  we  do  .101  relv  on  diem. 
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n.  introductory  policy  statement 


4 As  the  Commission  recognized  in  the  1970  Report  <22  FCC  2d  a.  88  954J6)  and 
confirmed  by  the  applications  and  responses  filed  pursuant  to  that  Report,  the  sate  line 
technology  has^lie  potential  of  making  significant  contrihuiions  to  the  nation  s domestic 

markets  and  developing  new  markets  not  now  be.ng  served.  The.  e a. e c one.  c e » J 
before  us  for  the  use  of  communications  satellites  to  augment  the  long-haul  tc  cstnal 
’ c l , e of  existing  carriers  for  point-to-point  switched  trans.niss.ons  services,  and  to  con- 
. Ts  o e listan,  domestic  points  (i.e.,  Alaska,  Hawaii,  Puerto  Rico)  to  the  contiguous 
sr.tis  There  are  also  proposals  for  the  use  of  satellites  as  a means  of  pnw.dt.ig  po,n.-to- 
multipoi.it  services,  such  as  program  transmission,  although  plans  for  such  use  au  mm 
most'  tentative  and  uncertain.  Other  proposals  reflect  the  view  that  the  most  .mpo.  taut 
value  of  domestic  satellites  at  the  present  time  lies  in  them  potential  for  developing  new 
' for  expanding  existing  markets  f or  specialized  comn.umcat.ons  services. 

5.  Notwithstanding  the  specific  proposals  that  have  been  submitted,  the  true  rxmiU 
and  nature  of  the  public  benefit  that  satellites  [84b]  may  produce  in  he  domestic  ft.  1.1 
remains  [sic]  to  be  demonstrated.  The  United  States  has  a well-developed  and  .apiclly 
expanding  complex  of  terrestrial  facilities,  and  advances  m terrestrial  technology  an 
opern'ilions  can  he  expected  to  continue  the  present  trend  toward  reduced  transmit.  , 
costs  and  more  efficient  services.  Although  pointing  to  some  me ^ s th-  t 
bilitv  in  the  routing  of  its  traffic,  the  predominant  terrestrial  earner,  AI  & I,  d.scla.ms  that 
he-  satellite  technology  presently  offers  any  cost  savings  or  other  marked  advantages  ov 
terrestrial  facilities  itUhe  precision  of  the  switched  services  that  cents, .tutetl^ulk.,  8s 
traffic  message  toll  telephone  (MTT)  and  wide  area  telephone  service  (WA1S).  At  th 
.me  hme  fiiere  is  an  uncertainty,  that  can  only  be  resolved  by  actual  operating  expe  - 
erne  as  to  whether  the  time  delay  inherent  in  voice  communications  via  synch. ormus 
satellites  will  provide  an  acceptable  quality  of  service  to  the  general  public  wh<  n dom  ■ 
tic  telephone  traffic  is  routed  indiscriminately  and  on  a large  scale  basts  via  satellite  and 

terrestt  tfi^fat  ihtu  s.^fie  u>dlno,og>.  appears  to  have  great  promise  of  immediate 

public  benefit  in  the  specialized  communications  market,  here  too  there  are  uiucrtaintit . 
a to  h!,w  effectivelv  and  readily  satellite  services  can  develop  or  penetrate  that  n a.ken 
Thus  in  the  area  of  point-to-multipoint  transmission,  the  commercial  broadcast  netwo.  ks 
are  as  vet  undecided  as  the  whether  to  use  this  technology  m whole  or  ...  pa.  t.  \\<  do  hav 
a concrete  proposal  for  a CATV  network  from  Hughes,  expressions  of  mteiest  by  publu 
broadcasting  and  other  educational  entities,  and  the  possibility  ol  interest  by  mdepe.uk  nt 
X^es  of  pm  gram  materia,  to  CATV  and  broadcast  outlets.  Moreover,  several  sys  cm 
applicants,  h.  addition  to  seeking  to  attract  program  transmission  bt.smess  have  p.em,«d 
their  proposals  on  the  sale  of  other  specialized  services— in  part  as  a con.pk  mc.it  c xt  t 

imr  or  proposed  terrestrial  offerings,  but  in  the  main  with  the  expectation  of  expanding 
existing  special  service  markets  and  developing  new  markets.  Ib  be  sure,  the  apphcat.ons 
generafiv  do  not  identify  specific  services  that  are  new  or  innovative.  Howevc.,  in  out  judg 
met  the  uncertain  ties  as  to  the  nature  and  scope  of  the  special  markets  and  mnovatm 
services  that  might  be  stimulated  will  only  be  resolved  by  the  exper.ence  w.th  operational 

faciltties.^nder  ^ drcumslances  we  will  bt.  guided  by  the  following  objectives  in  formu- 
lating the  policies  to  govern  our  licensing  and  regulation  of  the  construction  and  us.  of 

satellite  systems  for  domestic  communications  purposes,  namely. 

(a)  to  maximize  the  opportunities  for  the  early  acquisition t of  tech  me  a , opera- 
tional, and  marketing  data  and  experience  in  the  use  of  this  technology  as  . 
new  communications  resource  for  all  types  of  services; 
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(b)  to  afford  a reasonable  opportunity  for  multiple  entities  to  demonstrate  how 
any  operational  and  economic  characteristics  peculiar  to  the  satellite  tech- 
nology can  be  used  to  provide  existing  and  new  specialized  services  more  eco- 
nomically and  efficiently  than  can  be  done  by  terrestrial  facilities; 

1 847 1 (c)  to  facilitate  the  efficient  development  of  this  new  resource  by  removing  or 

neutralizing  existing  institutional  restraints  or  inhibitions;  and 
(d)  to  retain  leeway  and  flexibility  in  our  policy  making  with  respect  to  the  use  of 
satellite  technology  for  domestic  communications  so  as  to  make  such  adjust- 
ments therein  as  future  experience  and  circumstances  may  dictate. 

8.  We  are  further  of  the  view  that  multiple  entry  is  most  likely  to  produce  a fruitful 
demonstration  of  the  extent  to  which  the  satellite  technology  may  be  used  to  provide 
existing  and  new  specialized  services  more  economically  and  efficiently  than  can  be  done 
by  terrestrial  facilities.  Though  specialized  services  constitute  a relatively  small  percentage 
of  AT&T’s  total  traffic,  it  is  presently  the  predominant  terrestrial  supplier  of  specialized 
services.  There  is  some  existing  and  potential  competition  from  Western  Union  and  any 
new  specialized  carriers  authorized  pursuant  to  the  Commission’s  decision  in  Specialized 
Common  Carrier  Services  (29  FCC  2d  870).  But  the  capacity  of  their  terrestrial  facilities  is 
small  compared  to  those  of  AT&T  or  the  high  capacity  f acilities  proposed  by  the  satellite 
system  applicants.-  The  presence  of  competitive  sources  of  supply  of  specialized  services, 
both  among  satellite  system  licensees  and  between  satellite  and  terrestrial  systems,  should 
encourage  service  and  technical  innovation  and  provide  an  impetus  for  efforts  to  mini- 
mize costs  and  charges  to  the  public. 

9.  Of  course,  the  incentive  for  competitive  entry  by  financially  responsible  satellite 
system  entrepreneurs  to  develop  specialized  markets  must  be  meaningful  and  not  just 
token.  This  requires  that  we  take  appropriate  measures  toward  the  end  that  a reasonable 
opportunity  for  effective  entry  is  not  defeated  or  weakened  by  AT&T,  either  directly  or 
through  its  existing  or  future  relationships  with  Comsat.  In  this  regard,  we  cannot  ignore 
the  effects  upon  achievement  of  our  objectives  that  might  result  from  AT&T  s existing 
economic  strength  and  dominance  stemming  from  its  permeating  presence  and  influence 
in  all  domestic  communications  markets.  Nor  can  we  ignore  the  ability  of  AT&T— an  abil- 
ity not  possessed  by  other  applicants— to  load  a high  capacity  satellite  system  with  MTT 
and  WATS  traf  fic  and  thereby  control  the  cost  of  specialized  services  furnished  via  that  sys- 
tem. Other  applicants,  lacking  a similar  initial  traffic  nucleus,  would  be  operating— at 
least  initially — with  lightly  loaded,  costly  facilities  until  such  time  as  they  might  succeed  in 
reducing  their  unit  costs  by  a substantial  specialized  traffic  fill. 

10.  In  addition,  where  AT&T  combines  its  monopoly  and  competitive  services  on  the 
same  facilities,  it  is  difficult  to  identify  AT&T  relevant  costs  associated  with  specialized  ser- 
vices to  insure  that  revenues  from  the  monopoly  services  are  not  being  used  to  subsidize 
any  part  of  its  competitive  services.  Thus,  if  AT&T  were  permitted  unrestricted  use  of 
satellites  for  both  monopoly  and  specialized  services,  this  might  obscure  any  meaningful 
comparison  of  operating  costs  between  satellite  and  terrestrial  facilities  for  the  provision 
of  specialized  services  as  [848]  well  as  curtail  any  realistic  opportunity  for  entry  by  others 
to  serve  the  specialized  markets  via  satellite. 

1 1.  We  recognize  that  the  problem  of  cross-subsidy  now  exists  with  respect  to  the 
establishment  of  rates  and  identification  of  relevant  costs  for  specialized  services 
furnished  by  AT&T  terrestrially.  However,  this  longstanding  problem  would  be  exacer- 
bated by  permitting  the  troublesome  monopoly  and  competitive  service  combinations  to 


2.  The  Commission  lias  also  authorized  terrestrial  facilities  to  various  miscellaneous  carriers  providing 
program  transmission  service  to  CATV  systems  and  broadcasters. 


124 


Thk  History  of  Satkijjtk  Commi’nications 


he  c arried  over  into  this  new  arena.  Moreover,  the  cross-subsidy  aspect  is  only  part  of  the 
deterrent  to  a reasonable  opportunity  for  competitive  satellite  entry  in  the  specialized 
held  and,  even  if  resolved,  would  not  overcome  AT&T’s  unique  advantage  of  being  able 
to  control  satellite  circuit  costs  by  the  extent  to  which  it  chooses  to  load  the  high  capacity 
satellite  facilities  with  telephone  traffic  while  the  specialized  field  is  being  developed. 

12.  All  of  the  foregoing  factors  and  concerns  with  respect  to  AT&T,  in  our  judgment, 
might  well  result  in  discouraging  or  deterring  others  from  attempting  to  penetrate  the 
markets  foi  specialized  services.  As  a further  consequence,  AT&T’s  dominance  in  the 
communications  field  would  be  extended  rather  than  lessened  in  the  domestic  area.  This 
would  derogate  from  our  policy  of  seeking  to  promote  an  environment  in  which  new  sup- 
pliers of  communications  services  would  have  a bona  fide  opportunity  for  competitive 
entiv.  This  policy  was  the  basis  for  our  decision  in  the  Specialized  Common  Carrier  Services 
proceeding  (29  FCC  2d  870).  While  this  policy  explicitly  accommodates  an  opportunity 
for  AT&T  and  other  existing  carriers  to  compete  “fully  and  fairly”  with  new  entrants,  it 
does  not  preclude  the  Commission  from  taking  reasonable  measures  to  assure  that  com- 
petitive entry  would  be  a meaningful  reality  in  the  high  capacity  satellite  field.  Paragraph 
104  of  the  Specialized  Corner  decision  states:  “We  f urther  stress  that  our  policy  determina- 
tion as  to  new  specialized  carrier  entry  terrestrially,  does  not  afford  any  measure  of  pro- 
tection against  domestic  communications  satellite  entry  or  otherwise  prejudge  our 
determination  in  Docket  No.  16495  as  to  what  course  would  best  serve  the  public  interest 
in  the  domestic  satellite  field”  (29  FCC  2d  at  920). 

13.  The  same  considerations  lead  us  to  conclude  that  the  achievement  of  our  objec- 
tives would  be  prejudiced  by  authorizing  the  Comsat/AT&T  proposal  based  on  their  con- 
tractual arrangement.  First,  since  AT&T  is  a principal  source  of  the  domestic  service 
revenue  that  Comsat  would  seek  to  obtain,  it  is  not  realistic  to  expect  Comsat  to  compete 
vigorously  in  the  provision  of  specialized  services  on  an  end-to-end  or  “retail”  basis  and 
thereby  challenge  AT&T’s  terrestrial  domination  in  this  field.  Secondly,  if  Comsat  should 
proceed  in  the  dual  capacities  proposed  in  its  two  pending  system  applications,  the  rev- 
enues that  would  be  guaranteed  to  Comsat  from  the  AT&T  contractual  arrangement 
would  give  it  an  extraordinary  advantage  and  head  start  over  all  other  potential  domestic 
satellite  entrants  seeking  to  develop  specialized  services  in  competition  with  Comsat  as 
well  as  with  AT&T  s [849]  terrestrial  services.  If  Comsat  were  given  the  option  of  serving 
A I &T  soley  [sic]  and  accepted  it,  such  a course  would  unnecessarily  deprive  others  of  the 
benefit  of  Comsat’s  expertise  in  the  communications  satellite  field.  If  Comsat  were  to  elect 
to  serve  only  entities  other  than  AT&T,  its  expertise  and  facilities  would  be  available  to  the 
Public  and  carriers  other  than  AT&T  But  if  Comsat  is  to  be  authorized  to  provide  satel- 
lite services  to  AT&T,  it  should  operate  exclusively  as  a carrier’s  carrier — not  engaged  in 
retailing  communications  services  to  the  public — and  provide  such  service  under  a tariff 
of  feting  which  would  afford  an  opportunity  for  other  carriers  to  have  non-discriminatory 
access  to  the  same  system. 

14.  Finally,  our  consideration  of  the  conditions  under  which  AT&T  and  Comsat 
should  be  permitted  to  enter  the  domestic  satellite  field  is  necessarily  affected  by  AT&T’s 
ownership  of  29  percent  of  Comsat’s  stock  and  its  ability  to  elect  three  of  the  15  Comsat 
directors.  Such  ownership  was  contemplated  and  encouraged  by  the  Congress  in  enacting 
the  Communications  Satellite  Act  of  1962  (see  Section  394(b)(2)).  Thus,  this  is  not  a mat- 
tet  ovei  which  Comsat  has  any  control.  However,  that  Act,  which  was  formulated  to  meet 


2a.  We  recognize  that  AI&T,  in  its  offerings  of  specialized  services,  may  not,  for  rate  purposes,  distin- 
guish between  specialized  services  provided  via  satellite  on  the  one  hand,  and  terrestrial  facilities  on  the  other 
hand,  and  thus  somewhat  alleviate  the  competitive  problem.  However,  we  believe  that  it  will  from  a regulatory 
standpoint  complicate  a definitive  comparison  between  the  relative  cost  and  other  advantages  of  satellite  and 
terrestrial  facilities  in  serving  the  competitive  market  for  specialized  services. 


Exploring  thi  Unknown 


125 


tlu*  nation’s  policies  and  objectives  with  respect  to  the  earliest  possible  establishment  of  a 
global  communications  satellite  system,  does  not  preclude  authorized  carriers  from  vol- 
untarily disposing  of  their  shares  of' Comsat  stock.  All  of  the  major  carriers  who  original- 
ly owned  Comsat  stock,  except  AT&T,  have  since  divested  their  interests.  While  the 
participation  of  experienced  carriers  had  a useful  func  tion  when  Comsat  was  newly  orga- 
nized and  gaining  communications  experience,  this  relationship  warrants  reassessment  in 
light  of  current  conditions. 

15.  Aside  from  the  foregoing  basic  considerations  of  fairness  and  equity  we  reaf  firm 
the  staf  f recommendation  in  favor  of  multiple  entry.  In  this  connection  it  is  important  also 
to  take'  cognizanc  e*  of  the  fac  t that  the  initial  implementation  of  domestic  satellite  s does 
not  confront  us  with  a normal  or  routine  situation.  Some  departures  from  conventional 
standards  may  be  required  if  the*  public  is  to  realize*  the*  potential  benefits  of  this  high 
c apacity  technology'  and  we*  are*  to  pursue  our  objective  of  competitive  entry.  This  is  true 
not  only  in  tlu*  case*  of  AT&T,  but  also  for  other  applicants  because*  of  different  factors.  For 
example*,  as  the*  staff  points  out,  the  capacity  proposed  by  most  system  applicants  substan- 
tially exceeds  the*  traffic  under  their  control  or  firm  customer 'commitments.  They  are  rely- 
ing primarily  on  speculative  business  which  they  hope  will  materialize  after  the*  facilitie  s 
become*  operational.  We  must,  of  course,  make  the  requisite  statutory  findings  as  io  an 
applicant’s  financial  qualification  and  ability  to  implement  its  proposal,  and  we*  can 
require*  a reasonable  showing  that  there  will  be  no  adverse  impac  t on  rates  or  servic  es  to 
c ustomers  of  c arrier  applicants  now  engaged  in  providing  essential  communications  ser- 
vices  to  the*  public  . But  if  we  adhere  too  strictly  to  conventional  standards  in  this  uncon- 
ventional situation,  such  as  requiring  a persuasive  showing  by  new  entrants  that 
competition  is  reasonably  feasible  and  that  the  anticipated  market  can  economically  sup- 
port its  proposed  [850]  fac  ilities,  most  such  new  applicants  may  in  e*ffc*ct  be  denied  any 
opportunity  to  demonstrate*  the  merits  of  their  proposals  at  their  own  risk  and  without 
potential  dangers  to  existing  servicers — thereby  depriving  the  public  of  the  potential  ben- 
efits to  be*  dcTived  from  diverse  approaches  by  multiple  entrants.  It  is  our  judgment  that 
the  potential  benefits  to  ihe*  public  warrant  the  application  of  rules  and  policies  which  will 
afford  a reasonable  opportunity  for  domestic  satellite  facilities  to  be  established  initially 
on  a competitive  basis.  It  is  also  necessary  to  retain  flexibility  to  alter  our  initial  determi- 
nation in  the  light  of  evolving  c ircumstances. 

III.  DETERMINATION  ON  THE  ISSUES 

A.  Number  of  systems  to  be  authorized  initially 

16.  In  light  of  the  foregoing  policy  objectives,  we  have  concluded  that  the  public 
interest  would  be*  best  served  at  tins  initial  stage  by  affording  a reasonable  opportunity  for 
cotry  by  qualific*d  applicants  both  pending  and  new,  subject  to  the  showings  and  condi- 
tions described  below  whic  h we  believe  to  be  necessary  to  implement  our  objectives  and 
to  protect  the  public.  We*  have*  reached  this  decision  after  consideration  of  the*  various 
alternatives  discussed  in  the  staff  recommendation  (paragraphs  45—78)  and  tlu*  views 
expressed  by  the*  parties. 


Indeed,  in  1969  Congress  amended  the*  1962  Act  to  provide  for  tewer  c ommon  c arrier  elec  led  direc  - 
tors in  proportion  to  their  dec  reuse  in  stoc  k ownership  in  Comsat  (47  l S C.  7'V‘t).  This  schedule  contemplates 
that  the-  percentage1  ol  e niiimou  carrier  stock  ownership  may  lall  below  eight  percent,  in  which  event  there  would 
he  no  directors  elec  ted  b\  common  carriers. 
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1 7.  Like  the  staff  and  most  parties,  we  think  it  unwise  to  attempt  to  select  or  prescribe 
one  system  (either  a consortium  of  all  the  applicants  or  selection  of  one  applicant)  or  to 
choose  one  or  more  systems  through  comparative  hearings.  In  addition  to  the  reasons 
given  by  the  staff  (staff  recommendation,  paragraphs  50 — 61),  which  we  adopt,  such  a 
course  would  not  promote  our  policy  objectives  discussed  above.  However,  we  are  not 
accepting  the  alternative  recommended  by  the  staff  (paragraphs  71-78)  or  requiring  of 
encouraging  consolidations  of  applicants  along  guidelines  prescribed  by  the  Commission. 
While  we  recognize  that  there  may  well  be  advantages  to  and  need  for  voluntary  consoli- 
dations or  sharing  arrangements  (such  as  “launch  risk  pools”)  undertaken  at  the  appli- 
cants' initiative  as  a matter  of  prudent  business  judgment,  we  do  not  deem  it  advisable  to 
structure  the  architecture  of  any  joint  space  segment  operations.  Rather,  we  will  permit 
and  encourage  such  arrangements  so  long  as  they  are  consistent  with  the  policy  condi- 
tions set  forth  herein.  Accordingly,  we  will  accord  the  system  applicants  a 30-day  period 
within  which  to  apprise  the  Commission  as  to  whether  they  intend  to  pursue  their  pend- 
ing applications,  as  modified  to  achieve  compliance  with  this  Second  Report  and  Order,  or 
whether  they  desire  further  time  to  reframe  their  proposals. 

18.  Our  decision  in  favor  of  multiple  entry  does  not  mean  that  we  have  opted  for  a 
policy  of  “unlimited  or  unrestricted  open  entry.”  Our  aim,  as  outlined  above,  is  to  afford 
qualified  applicants  a reasonable  opportunity  to  demonstrate  the  public  advantages  in  use 
of  the  satellite  technology  as  a means  of  communications.  But  such  entry  cannot  be 
“open”  in  the  sense  that  it  is  without  any  restrictions  or  limitations.  Pursuant  to  statute  we 
must  require  showings  of  financial,  technical  and  other  qualification  and  make  the  req- 
uisite finding  that  a grant  of  the  particular  proposal  will  serve  the  public  interest,  con- 
1851]  venience  and  necessity.  Although,  as  discussed  in  paragraph  15  above,  it  is  our 
intention  to  make  such  determinations  with  due  regard  for  the  unique  circumstances 
involved  here,  each  applicant  must  make  a sufficient  showing  of  potential  public  benefit 
to  justify  the  assignment  of  orbital  locations  and  frequencies.  Moreover,  we  believe  it  nec- 
essary to  impose  certain  conditions  to  protect  the  public  from  possible  detriment  and  to 
further  the  implementation  of  our  policy  objectives.  In  addition  to  the  conditions  disr 
cussed  below,  we  will  require  a reasonable  showing  by  any  common  carrier  applicant  now 
engaged  in  providing  essential  communications  services  that  revenue  requirements  relat- 
ed to  the  proposed  domestic  satellite  venture  will  not  be  a burden  or  detriment  to  cus- 
tomers for  such  essential  services.  . . . 


IV.  ORDER 

[860]  44a.  Authority  for  the  policies  and  conditions  adopted  herein  is  contained  in 
Sections  1,  2,  3,  4(i)  and  (j),  201,  202,  212,  213,  214,  218,  219,  220,  301,  303,  307-309, 
310(b),  319,  396,  403  and  605  of  the  Communications  Act  of  1934  and  Section  102  and 
201  (c)(8)  of  the  Communications  Satellite  Act  of  1962. 

45.  Accordingly,  IT  IS  ORDERED,  That: 

a.  The  policies  and  conditions  set  forth  herein,  and  such  portions  of  the  staff 
recommendation  (34  FCC  2d  9)  as  are  expressly  approved  or  clearly  consis- 
tent with  the  policies  and  conditions  herein,  ARE  ADOPTED,  effective  July 
25,  1972. 

b.  Each  of  the  applicants  for  domestic  communications  satellite  systems  named 
in  paragraph  1 above,  SHALL  APPRISE  THE  COMMISSION  on  or  before 
July  25,  1972,  as  to  whether  it  intends  to  pursue  its  pending  system  applica- 
tions, in  whole  or  in  part,  with  such  modifications  as  are  required  to  achieve 
compliance  w'ith  the  policies  and  conditions  specified  in  this  Second  Report 


Exploring  thk  Unknown 


127 


and  Order;  or  whether  it  desires  additional  time  for  the  purpose  of  refram- 
ing its  proposal  consistently  with  such  policies  and  conditions." 
c.  The  Commission  retains  full  jurisdiction  over  all  aspects  of  this  proceeding. 

FEDERAL  COMMUNICATIONS  COMMISSION 
Ben  F.  Waple,  Secretary 

DISSENTING  STATEMENT  BY  CHAIRMAN  BURCH 

In  this  proceeding,  the  Commission  is  dealing  with  matters  oi  extraordinary  com- 
plexity and  even  subtlety.  We  are  called  on  to  establish  ground  rules  for  an  industrial  tech- 
nology that  does  not  yet  exist,  to  serve  some  present  markets  and  some  that  are  at  best 
speculative — and  most  difficult  of  all,  the  interrelationships  between  the  two.  The  policy 
decisions  thus  arrived  at  are  not  in  the  usual  sense  definitive:  rather,  they  represent  “sig- 
nals" to  the  applicants  that  will  cause  them  to  reformulate  their  proposals,  and  these  in 
turn  will  almost  surely  not  be  the  same  as  those  with  which  the  Commission  is  here  osten- 
sibly dealing.  Our  objective  is  to  engraft  a new  and  untested  technology  onto  an  existing 
domestic  communications  complex,  whose  characteristic  problems  are  essentially  inde- 
pendent of  satellite  technology  per  se. 

In  approaching  such  a maze  of  unpredictables  and  potential  pitlalls,  the  Commission 
would  have  been  well  advised  to  adopt  a posture  of  “least  is  best"  (thus  making  only  those 
decisions  necessary  to  elicit  the  applicants’  genuine  intentions),  to  build  from  the  base  of 
irreducible  marketplace  realities  (namely,  AT&T  traffic),  to  discipline  itsell  [861  ] against 
the  temptation  to  piggyback  on  this  already  complex  policy  finding  its  favorite  regulatory 
schemes  and  hangups  (for  example,  the  desire  to  “get  a handle  on  AT&I  ”),  and  to  ofler 
all  applicants  a maximum  of  options  (which  might  well  lead  to  the  evolution  of  a com- 
petitive marketplace  in  which  the  consumer  will  benefit).  As  a general  proposition,  1 
believe  the  Commission  has  violated  every  one  of  these  counsels  of  caution. 

And  to  whose  real  benefit?  That  is  most  difficult  to  say.  For,  although  the  thread  runs 
through  the  majority  document  that  its  key  findings  have  been  made  in  the  interest  of 
“competition,”  somewhere  along  the  line  the  overriding  purpose  of  the  competitive  mar- 
ketplace seems  to  have  gotten  lost:  namely,  benefit  to  the  consumer  in  the  form  of  better 
and/or  cheaper  goods  and  services  than  would  otherwise  be  available.  Instead,  the 
Commission  has  gone  off  in  pursuit  of  a peculiar  and  novel  form  of  competition — mea- 
sured, so  far  as  one  can  tell,  by  how  many  satellite  systems  go  aloft  in  how  many  “space  seg- 
ments” (a  benchmark  that  I strongly  suspect  would  strike  the  typical  consumer  as 
irrelevant  even  if  he  could  grasp  its  meaning).  “Space  segment"  competition  may,  of 
course,  translate  into  consumer  benefit  one  day.  Then  again  it  may  not.  It  all  depends — 
and  it  is  here  that  the  majority  document  leaves  pragmatic  reality  behind  and  takes  off 
into  the  blue  sky  of  academic  abstraction.  For  example: 

(a)  There  is  repeated  reference  (see  in  particular  par.  10  and  fn.  2a)  to  “meaningful” 
and  “definitive  comparison"  between  the  relative  costs  “and  other  advantages”  of  satellite 
technology  as  against  terrestrial  facilities  in  providing  communications  services  to  the 
public — most  of  which  services  are  not  unique  to  satellite  technology  anyway.  This  is  used 
as  a principal  rationale  for  imposing  inhibitions  on  AT&T,  for  example.  I agree  that  such 
“basing  point"  comparisons  are  desirable.  But  this  proceeding  is  not  mere  academic  exer- 
cise. Fens  of  millions  of  investment  dollars  are  involved,  and  so  are  services  to  the  con- 
suming public — present  and  near-term  as  well  as  future.  In  my  judgment,  there  is  an 


I I.  Upon  considerations  of  such  responses,  the  Coin  mission  will  issue  a public  notice  concerning  the 
procedures  we  will  follow  in  processing  applications. 
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excessive  trade-off  of  present  and  near-term  benefits  lor  mostly  speculative  long[-)range 
developments  that,  in  any  ease,  may  be*  a wash  from  the  consumers'  perspec  tive. 

(b)  Other  inhibitions  and  restrictions  are  rationalized  (see  in  particular  pars.  9 and 
1 1)  on  the*  ground  that  AT&T's  “unique  advantage"  of’ being  able  to  (ill  satellite  capacity 
with  existing  and  predictable  future  traffic  will  inevitably  produce  “unfair”  competition 
and  somehow  disserve  the  public.  I find  this  an  ironic  twist  indeed- — that  “success"  is  to  be* 
penalized  rather  than  rewarded  and  that  economies  of  scale  must  be  foresworn  as  incon- 
sistent with  a theoretical  model  of  pure  competition  (for  traffic  that  is  mostly  a gleam  in 
some  speculators'  eyes).  The  Commission  would  have  been  betle*r  advised,  in  my  view,  to 
take  existing  tralfic  as  a “given"  and  then  attempt  to  build  from  there — with  safeguards, 
as  specified  in  the  earlier  Specialized  Common  Carrier  decision,  against  undue*  domi- 
nance of  these  specialized  markets  by  existing  carriers.  This  might  have  redounded  to  the 
immediate  benefit  of  the  consuming  public,  available*  alike  to  AT&T's  customers  and  to 
its  competitors',  in  the  form  of  lowest  unit  costs. 

(c)  The  Commission  majority,  by  contrast,  stands  the  usual  norms  of  [8f>2)  competi- 
tion on  their  head.  In  its  attempt  to  “structure"  the  marketplace  rather  than  permit  full 
and  fair  competition  between  new  and  existing  carriers,  the  Commission  in  effect  ignores 
its  sound  commitment  in  the  Specialized  Common  Carrier  decision  not  to  create*  any 
“protec  tive*  umbre  lla  for  new  entrants  or  “any  artificial  bolstering  of  operations  that  can- 
not succ  eed  on  their  own  merits.”  Thus,  AT&T  is  precluded  from  providing  point-to-point 
private-line  services  via  satellite* — even  though,  as  the  majority  acknowledges,  “other  appli- 
cants, lacking  a|n]  initial  traffic  nucleus,  would  be  operating  with  lightly  loaded,  costly 
facilities."  All  of  which  presumably  means  that  die  consumer  will  have  to  pay  artificially 
inflated  rates  for  specialized  services  during  an  initial  three-year  developmental  period 
(unless  by  terrestrial  facilities  alone,  wholly  in  line  with  the  “full  and  fair”  competitive 
entry  formula  of  the*  earlier  decision,  AI&T  is  able*  to  undersell  its  competitors  anyway). 
And  further,  because  the  majority  document  is  open-ended  (see  par.  21),  this  initial  peri- 
od could  be  extended  ad  infinitum  at  the  Commission's  sole  discretion.  Again,  there  is  the 
question  “who  benefits" — except  possibly  the  stockholders  of  a few  specialized  carriers 
operating  in  a protected  marketplace,  and  all  in  the  much  abused  name  of  “competition”! 

My  overriding  concern  is  not  so  much  that  this  decision  will  lead  to  irrational  results 
as  that  it  may  lead  to  no  results  at  all  that  will  be  of  substantial  public  benefit.  It  is  doubly 
ironic,  in  view  of  the*  majority's  determination  to  inhibit  AT&T  and  that  company's  own 
downbeat  projections  as  to  the  cost/benefits  of  satellite  tec  hnolog);  that  AT&T  may  in  the 
end  simply  apply  for  a satellite  system  of  its  own.  And  because  its  monopoly  sc* r vices — 
M rf,  WATS,  AUTO  VON — constitute  the  vast  preponderance  of  present  traffic,  an  AT&T 
system  is  the*  only  one  that  could  conceivably  achieve*  an  immediate  fill  and  thus  conclu- 
sively demonstrate  its  economic  viability. 

I he  big  loser  seems  to  be  the  one  applicant  with  genuine  experience*  in  space-segment 
management — namely,  Comsat.  By  rejecting  the*  AI&T/Comsat  contractual  arrangement 
out  of  hand,  rather  than  attaching  conditions  that  might  encourage  the  evolution  of  real  competition , 
the  Commission  majority  has  reduced  Comsat’s  effec  tive  choice  to  one:  that  is,  electing  to 
become  an  end-to-end  retail  carrier.  But  even  he  re,  the  option  is  more  apparent  than  real. 
Because  of  a seemingly  innocuous  sentenc  e at  the  end  of  par.  2b  (“In  the  event  that  Comsat 
elects  to  proceed  other  than  as  a carrier's  carrier,  it  will  be  prohibited  from  owning  or  oper- 
ating domestic  satellite  facilities  at  any  overseas  point  served  by  INTELSAT  facilities  (staff 
recommendation,  paragraph  114).”),  Comsat  would  be  barred  from  serving  any  noncon- 
tiguous slate*  or  territory,  would  lose  its  present  traf  fic  to  these  points  (almost  all  of  which 
is  traffic  to  the*  mainland),  and  would  be  left  with  virtually  unutilized  “white  elephant"  earth 
stations  in  Alaska,  Hawaii,  and  Puerto  Rico.  Some*  option. 

The*  other  option — becoming  a carrier’s  carrier  and  leasing  transponders  on  tariff  to 
all  comers,  including  AT&T — is  in  the*  end  AT&T’s  choice  and  not  Comsat’s  at  all.  And  my 
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own  strong  conviction,  in  view  of  the  decision  as  here  formulated,  is  that  A1  & I will  not  so 
choose.  Why  should  it,  in  effect,  subsidize  its  own  competition — and  competition  operat- 
ing under  a protective  umbrella  at  that — by  [863]  tilling  idle  satellite  capacity  with  the 
only  substantial  traf  fic  now  available*? 

There  is,  in  all  candor,  no  ideal  solution  to  this  problem.  Our  job  is  to  come  up  with 
the  best  alternative  available — and  I make  no  apologies  for  thus  relying  on  marketplace 
realities  in  an  effort  to  bring  to  the  consuming  public  some  immediate  benefits  of  a new 
technology'.  In  my  view,  the  answer  is  to  be  found  in  an  approach  that  affirms  in  essence 
the  AT&T/ Comsat  contractual  arrangement  but  then  attaches  to  it  one  critical  condition: 
namely,  that  Comsat,  with  its  unique  technical  and  managerial  expertise,  also  provide 
satellite  service  to  those  entities  who,  lacking  the  initial  nucleus  of  assured  traffic,  might 
be  unwilling  or  unable  to  risk  the  huge  investment  necessary  to  launch  satellite  facilities 
of  their  own.  As  an  alternative,  Comsat  should  be  free  to  elect  the  route  of  an  end-to-end 
retailer. 

The  majority  attempts  to  “structure”  behavior  largely  by  recourse  to  penalties  and 
blue-sky  “models”  of  pure  competition.  But  the  proposal  before  use,  in  my  judgment,  suf- 
fers from  two  fatal  flaws:  it  may  retard  the  evolution  of  satellite  technology,  not  get  it 
going,  and  it  may  thus  withhold  realistic  benefits  to  the  public.  The  Commission  can  and 
must  do  better  than  that. 

(Commissioners  Reid  and  Wiley  join  with  Chairman  Burch  in  this  Dissenting 
Statement.) 

CONCURRING  OPINION  OF  COMMISSIONER  NICHOI  AS  JOHNSON 

The  Commission  now  arrives  at  the  denouncement  of  this  seven  year  old  proceeding. 
An  examination  of  the  plot  of  this  story,  and  its  several  acts,  gives  a revealing  insight  to  the 
policymaking  process  at  the  FCC. 

Domestic  satellites  became  a policy  question  at  the  FCC,  not  because  of  Commission 
action,  but  with  the  filing  of  a proposal  for  domestic  satellite  television  network  intercon- 
nection by  ABC  in  September  1965.  To  examine  the  important  policy  questions  before 
taking  definitive  action,  the  Commission  returned  the  ABC  application  and  instituted  an 
inquiry.  31  F.R.  3507  (March  2,  1966). 

In  response  to  the  inquiry,  the  Ford  Foundation  filed  a proposal  in  August  1966  link- 
ing the:  financing  of  public  broadcasting  to  the  institution  of  domestic  satellite  service. 
Under  the  Ford  plan,  the  savings  in  interconnection  costs  would  be  used  to  Finance  pub- 
lic broadcasting  as  a “people  dividend”  from  the  $40  billion  of  public  expenditures  to 
develop  the  space  technology  that  made  the  satellite  system  possible.  This  was  a proposed 
alternative  use  of  the  savings — rather  than  flowing  them  through  to  networks’  profits,  or 
lower  costs  to  users  and  their  customers.  J.  Dirlan  and  A.  Kahn,  The  Merits  of  Reserving 
the  Cost-Savings  from  Domestic  Communications  Satellites  for  Support  of  Educational 
Television,”  77  Yale  L.J.  494  (1968). 

The  FCC  responded  with  a further  notice  of  inquiry.  31  F.R.  13763  (October  20, 
1966).  In  February  1967  President  Lyndon  Johnson  proposed  the  legislation  that  later 
became  the  Public  Broadcasting  Act  of  1967.  And  in  April  1967  Comsat  proposed  a pilot 
domestic  satellite  system  to  demonstrate  the  potential  and  benefits  of  satellites,  including 
their  use  for  public  broadcasting. 

[864)  On  August  14,  1967,  President  Johnson  announced  the  formation  of  a Tas k Force 
to  review  a variety  of  telecommunications  policy  questions,  including  domestic  satellites. 
This  began  what  was  to  become  a three  year  review  by  ihe  Executive  Branch  of  important 
policy  questions  before  the  FCC  in  this  area.  By  late  1968  the  Johnson  lask  force  had 
completed  its  work  with  a recommendation  that  a Comsat-directed  pilot  program  be 
authorized.  In  early  1969  the  FCC  was  prepared  to  authorize  such  a pilot  program.  A 
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report  and  order  had  been  drafted,  and  tentative  expressions  of  the  position  of  each 
Commissioner  had  been  made. 

Before  issuing  it,  however,  then-Chairman  Hyde  took  the  document  to  the  White 
House  to  inform  the  White  House  staff  of  the  action  the  Commission  was  to  take.  In  the 
interim  there  had  been  a change  in  Administration,  and  the  information-providing  trip 
resulted  in  a request  that  the  Commission  hold  any  action  while  the  White  House  once 
again  examined  the  policy  questions. 

The  White  House  recommendations,  for  an  “open-entry”  policy,  came  in  a January 
1970  memorandum  from  Peter  Flanigan  to  Chairman  Dean  Burch.  In  March  1970  an  FCC 
Report  and  Order,  22  F.C.C.  2d  86,  concluded  that  no  decision  could  be  made  on  the 
appropriate  policy  for  domestic  satellite  entry  and  specific  proposals  from  potential 
entrants  were  requested.  The  next  Commission  order,  and  the  staffs  recommended  deci- 
sion came  in  March  1972. 

Today’s  action  seems  to  signal  the  end.  Open  entry  is  adopted  with  certain  modifica- 
tions. The  benefits  to  be  realized  by  public  broadcasting  are,  at  this  point,  speculative. 

There  are  several  interesting  conclusions  to  be  drawn  about  the  Commission’s  role  in 
policymaking  at  least  for  domestic  satellites. 

(1)  I he  Commission  has  relied  heavily  on  the  parties  appearing  before  it  for  the 
analyses  and  proposals  it  has  considered.  Although  there  is  no  readily  available  way  to 
make  an  exact  calculation,  1 suspect  that  most  of  the  important  parties  appearing  before* 
the  Commission  have  invested  significantly  more  resources,  each,  on  these  policy  ques- 
tions than  has  the  Commission  in  total.  This  seems  particularly  true  for  the  Executive 
Branch.  The  Commission  has  been  a “captive,"  responding  to  and  arbitrating  between  the 
variety  of  forces  which  have  attempted  to  move  it. 

(2)  The  relative  congruence  between  Commission  action  and  White  House  recom- 
mendation, occurring  over  periods  of  significant  shifts  in  policy,  is  striking.  The  ability  of 
the  Commission  to  move  in  variance  with  White  House  positions  on  important  policy 
questions  (regardless  of  who  is  President)  is  very  questionable. 

(3)  The  effects,  benefits  and  costs,  of  both  regulation  and  delay  would  be  worthy  of  a 
detailed  analysis.  Suppose  any  entrant,  including  ABC,  had  been  able  to  launch  a satellite 
system  in  1965  by  merely  “purchasing"  the  needed  resources,  including  spectrum. 
Suppose  the  Commission  had  gone  ahead  with  a pilot  program  authorization  in  early 
1969.  What  would  have  been  the  results  of  these — or  other  alternatives — on  services,  tech- 
nology development,  and  so  forth?  Are  we  better  off,  or  worse  today?  Should  the  domes- 
tic satellite  question  have  been  handled  differently,  and  if  so,  what  can  we  learn  about 
[865]  handling  other  policy  questions  before  this  and  other  governmental  agencies  that 
engage  in  an  economic  planning  function? 

(4)  Over  and  over  again  the  Commission  meets  the  question  of  melding  competitive 
and  monopoly  portions  of  the  telecommunications  common  carrier  industry.  The  issues 
were  joined  in  the  Telpak  and  other  bulk  offering  and  private  line  proc  eedings,  and  are 
still  unresolved.  They  are  met  again  in  the  relationships  between  monopoly  landline  tele- 
phone companies  and  miscellaneous  c arriers  who  offer  a variety  of  land  mobile  services 
in  competition  and  monopoly  in  communications  equipment  and  interconnection.  They 
are  met  in  the  pricing  questions  surrounding  the  entry  of  specialized  competitive  carri- 
ers. And  they  are  met  here  in  the  treatment,  particularly  of  AT&T  and  Comsat,  of  certain 
entrants  for  domestic  satellite  services.  The  issues  remain  unresolved. 

Given  these  limitations,  I believe  the  staff  work  and  ultimate  Commission  position  put 
forward  today  is  much  better  than  anyone  had  a right  to  expect.  Accordingly,  as  a realist, 

I concur. 

Because  of  the  significance  of  the  policy,  however,  perhaps  a few  more  words  regard- 
ing my  own  preferred  approach  to  decision  would  be  appropriate. 
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We  are  entering  into  a new  area  of  communications.  The  next  lew  years  will  he  years 
of  experimentation  and  gathering  of  experience.  It  s not  that  we  don  t know  how  to 
launch  and  operate  a satellite.  Comsat,  NASA,  the  military,  and  numerous  American  com- 
panies have  a great  deal  of  expertise  in  this  field. 

But  we  have  no  experience  with  the  non-technical  aspects  of  this  operation.  Will  the 
public  tolerate  the  short  delay,  or  echo  effect,  in  voice  communications  by  satellite.'  What 
new  institutional  (and  possibly  personal)  uses  of  communications  will  evolve  to  use  the 
peculiar  qualities  of  satellite  distribution  systems  (cheaper  long-haul  costs,  possibility  of 
multiple  distribution  points,  and  so  forth)?  What  problems  will  arise  in  joint  operations  of 
satellites,  or  of  earth  stations?  What  new  ratemaking  or  regulatory  concepts  and  proce- 
dures will  be  needed' 

( 1)  Accordingly,  I still  believe  there  is  some  merit  to  the  idea  of  a pilot  project  at  this 
stage.  Rather  than  have  it  operated  by  a chosen  company  (Comsat,  AT&T,  some  other  pre- 
sent company,  or  a new  entity),  however,  I would  have  it  opeiated  by  NASA  01  some  otlu  1 
entity  of  government.  This  is  not  such  a radical  idea.  It  is  the  way  every  other  nation  in  the 
world  has  dealt  with  the  problem.  And  most  have  resolved  the  issue  long  before  us.  It  is 
(he  way,  in  fact.,  that  we  run  our  space  program.  It  is  the  way  we  evolve  new  technology  in 
many  areas  of  the  economy.  And,  even  as  to  space  communications  satellites,  the  military 
and  NASA  have  already  operated  such  systems. 

All  I would  propose  is  that  for  the  first  generation  of  experience  (3  to  7 years)  a pub- 
lic entity  undertake  the  operation  of  America’s  first  domestic  communications  satellite  sys- 
tem for  the  benefit  of  all  potential  users  and  operators.  Kvery  ef  fort  would  be  made  to  test, 
at  cost,  any  reasonable  proposal  from  any  American  company,  institution,  or  individual. 
The  results  of  all  tests  would  be  made  fully  open  to  any  interested  party.  Training  oppor- 
tunities would  be  made  avail-  |8f>b|  able  to  as  many  interested  persons  as  possible.  This 
would  save  a tremendous  amount  of  money  for  American  business,  as  well  as  the  public, 
and  open  up  the  possibility  of  a great  deal  more  use  (and  competition— if  that's  what 
we  re  really  interested  in)  when  the  system  or  systems  are  finally  established  on  a com- 
mercial basis. 

I have  made  this  proposal  throughout  my  six  year  term  at  the  Commission.  It  has 
never  received  the  support  of  the  White  House  or  a majority  of  the  Commissioners.  There 
is  little  doubt  in  my  mind  that  we  would  be  much  further  down  the  toad  today  if  it  had 
been  adopted  in  1%6. 

(2)  If  there  is  not  to  be  an  experimental  system,  there  is  much  to  be  said  for  a chosen 
instrument.  A single  system  operator  can  insure  economies  of  scale,  fair  and  open  access 
to  all  coiners,  die*  lowest  possible  rates,  and  the  most  geographically  disbursed  system 
(inc  luding,  for  example,  the  best  service  to  Alaska,  Hawaii  and  so  foitb). 

My  pre  ference  would  be  to  create  a new  entity — a Domsat — for  domestic  satellite  ser- 
vices only,  that  would  have  every  incentive  to  compete  fully  with  AT&T.  No  carrier  would 
he  permitted  to  hold  stock  in  the  company  or  sit  on  the  hoard  (although,  of  course,  indi- 
vidual shareholders  could  hold  slock  in  AT&T  and  Domsat). 

Another  alternative  would  he  to  give  AT&T  a monopoly  over  domestic  satellite  ser- 
vice. AT&T  is  now  having  some  growing  pains  even  keeping  up  with  expanding  service  on 
earth.  lint  AT&T  exclusive  operation  in  space  would  have  the  advantage  that  all  users— 
including  the  homeowner— would  get  some  benefit  from  the  new  technology,  which  will 
now  flow  almost  e xc  lusively  to  large  corporate  users  of  satellites.  If  this  were  done,  AT&I 
should  probably  want  to  he*  required  to  provide  such  service  through  a separate  corporate 
entity  for  purpose's  of  bookkeeping  (as  its  current  corporate  practices  would  indicate  it 
would  probably  want  to  do  anyway). 

Comsat  could  also  be*  the  chosen  instrument.  It  does  have  the  expertise.  But  it  would 
not  have*  the*  advantage  just  described  that  AT&T  would  have* — virtually  monopoly  control 
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of  all  U S.  communications  on  the  ground  for  purposes  of  rate  averaging.  Moreover, 
Comsat  has  additional  problems  as  an  international  operative.  At  one  time  I urged  that 
Intelsat  be  encouraged  to  become  a truly  international  communications  carrier,  supply- 
ing domestic  communications  services  for  the  world  as  well  as  internationally.  It  seemed 
to  me  an  appropriate,  and  symbolic , peacef  ul  venture  for  nations  in  need  of  one.  But  that 
idea  never  caught  on  either.  So  now,  it  seems,  we  are  doomed  to  a world  in  which  every 
nation  must  have  not  only  its  own  airline,  merchant  marine,  and  steel  mill,  but  its  own 
domestic  satellite  system  as  well.  Given  such  a world,  however,  it  seems  to  me  inappropri- 
ate for  Comsat — already  carrying  the  burdens  of  Big  Brotherism  into  its  international 
meetings — to  have  to  confront  its  world  partners  with  the  potential  conflicts  of  interest 
(and  division  of  managerial  energies)  involved  in  operating  the  world’s  most  lucrative 
domestic  satellite  system. 

(3)  If  we  are  not  to  have  an  experimental  system  or  a chosen  instrument,  because  of 
a deistic  reverence  for  competition,  then  we  ought  to  really  have  competition.  I'm  remind- 
ed of  the  children’s  riddle:  [867]  "Where  does  an  800-pound  gorilla  sleep?”  And  the 
answer:  “Any  place  he  chooses.”  True  competition  is  one  of  the  most  highly  regulated 
states  of  economic  operation  possible.  Thai’s  what  the  antitrust  laws  are  all  about — when 
they’re  enforced.  You  either  keep  the  800-pound  gorilla  (in  this  case  the  $18  billion  Bell) 
out  of  the  canary  cage  entirely,  or  you  tell  him  where  to  sleep. 

If  we’re  really  serious  about  experimenting  with  the  radical  notion  of  free  private 
enterprise,  I m all  tor  it.  But  then  there  have  to  be  some  very  meaningful  restraints  on 
AI&I  and  Comsat  at  the  very  least  in  the  initial  stages.  Otherwise,  we're  just  kidding 
ourselves — though  very  likely  nobody  else. 

If  we  want  a competitive  arena  1 would  keep  out  AT&T  and  Comsat  entirely.  (AT&T 
has  never  been  consistently  enthusiastic  about  using  space  anyway.)  Let  anyone  else  in 
who  wants  in.  Let  them  experiment  with  equipment  and  the  search  for  services  and  mar- 
kets. Try  to  maintain  some  conditions  of  fair  competition.  If  after  a few  years  the 
Commission  wants  to  reassess  this  decision,  and  let  AT&T  into  the  business  in  wavs  con- 
sistent with  maintaining  this  newly  burgeoning  industry,  fine.  But  not  until  then. 

(1)  Finally,  I cannot  but  bemoan  our  failure  to  provide  expressly  lor — at  least — free 
interconnection  for  the  Public  Broadcasting  Corporation  and  other  educational  users.  1 
always  felt  that  the  Ford  Foundation  had  made  a fairly  persuasive  case  that  more  was  called 
fbi.  I he  American  people,  having  invested  more  than  $40  billion  in  the  soaring  growth 
stock  called  civilian  space,  are  entitled,  someday,  to  a little  bit  of  a dividend.  One  has  yet 
to  be  declared.  Ford  proposed  that  a proportion  of  the  savings  to  the  commercial  net- 
works from  the  use  of  space  be  passed  on  to  the  public  in  terms  of  a funding  source  for 
public  broadcasting.  It  seemed  to  me  a fair  idea. 

But  all  this  is  history.  We’re  now  in  countdown.  It's  no  time  to  dissent.  I’m  on  board. 

Document  1-27 

Document  title:  George  M.  Low,  Deputy  Administrator,  NASA,  “Personal  Notes,” 
December  23,  1972. 

Source:  George  M.  Low  Papers,  Rensselaer  Polytechnic  Institute,  Troy,  New  York  (used 
with  permission). 

George  l mo  was  NASA  s deputy  administrator  from  the  fall  of  1 970  until  1976 . During  that  period , 
he  dictated  " personal  notes”  on  a regular  basis  to  record  his  actions  and  thoughts.  These  notes  pro- 
vide a fascinating  record  of  the  events  of  the  time.  As  the  Apollo  1 7 astronauts  explored  the  Moon  dur- 
ing the  last  Apollo  mission  in  December  1972,  Low,  NASA  Administrator  James  Fletcher ; and  other 
top  NASA  officials  had  to  divide  their  time  between  monitoring  the  lunar  surface  activity  from 
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' '"'d  ""'etll,K  <»>  NASA  s fiscal  year  1 973  aw!  fiscal  year  1974  budgets  with  officials  of  the 
O/fae  of  Management  and  Budget  IOMII)  in  Washington.  To  meet  the  stringent  budget  cuts  frobosed 
try  the  Nixon  administration  \ (MB,  it  was  Low's  idea  to  take  NASA  out' of  communications  satel- 
lite research  and  development  (l(drl>).  NASA  had  had  an  Applications  Technology  Satellite  (ATS) 
frog,  am  since  1963  to  follow  nf  its  suffort  of  the  initial  Relay  and  Syncom  fro, eels,  and  that  fra 
£)am  ,7,,  dnu>loP  m“»>  technologies  and  capabilities  in  the  communications  satellite 

area.  I he  ISiASA  decision  to  withdraw  (tom  communications  satellite  IlCsfl)  meant  that  the  final  17  S 
mission , (he  ATS-C,  was  canceled. 


December  23,  1972 


PERSONAL  NOTES  NO.  ,33 
1^1  Fisc  al  War  1 1>7S  and  1974  Budget 

Meanwhile  hac  k on  earth,  tilings  weren’t  going  (|uiie  as  well.  On  Monthly,  Deeemher 
I 1.  approxiinalely  at  the  lime  of  the  lunar  landing,  we  received  a c all  from  Hill  Morrill  ask- 
mi*  Hetc  hei,  Lilly,  and  me  to  mirt  with  him  to  disc  uss  the  FY  1 973  and  1971  budgets.  We 
tried  to  get  him  to  give  us  our  mark  by  telephone,  hut  lie  was  unable  to  do  so.  As  a result 
rleteher,  McCurdy,  Shapley.  Lilly,  and  I traveled  hack  to  Washington  on  Wednesday’ 
December  13,  roughly  between  KVAs  2 and  3.  (We  were  in  Houston 'lor  the-  full  period  of 
both  ol  these  KVAs.)  1 

We  met  in  Bill  Morrill  s offic  e with  Morrill,  Young,  and  Tali.  (We  had  left  Houston  at 
,lu'  '’'"'"mg  on  a Jet  Star  for  Andrews  |Air  Force  Basel  and  arrived  in  Merrills 
ofhee  at  precisely  9:30,  the  time  of  the  appointment.)  Morrill  informed  us  that  the 
I resident  was  determined  to  bring  the  FY  1973  budget  down  to  a $250  billion  ceiling  in 
outlays,  and  to  have  a not  too  muc  h higher  number  for  FY  1974.  As  a result,  all  depart- 
ments and  agenc  ies  had  to  take’  major  c uts,  both  in  FY  1973  and  in  FY  1974.  Tlic  1973  c uts 
were  particularly  difficult  to  sustain,  since  only  one-half  year  was  left  for  money  savings.  In 
ellec  I then,  any  cut  made  in  1973  would  have  double  the  normal  effect.  In  NASA's  c ase, 
OMB  had  accepted  the  “submarginal  submission”  and  made  drastic  cuts  below  that  level' 
VV itliin  the  submarginal  budget,  we  had  already  c ut  out  the1  aircraft  engine  retrofit  work 
most  of  the  new  starts,  almost  all  of  the  nuclear  work,  and  had  cut  hack  in  many  other 
aieas.  I he  OMB  mark,  in  addition,  canceled  Viking,  canceled  QUESTOL,  delayed  the 
(1(v,a>Vfl  KR  1 ^ I Karth  Resources  Technology  Satellite  or  Landsat  | (did  not  allow 
KR I S-( . m the  Interior  budget),  and  made  further  across-the-board  cuts.  (I  should  [3] 
have  mentioned  that  OSO-J  was  also  cancelled  in  our  submarginal  submission.)  The  net 
lesuhjvas  a budget  at  approximately  the  $9  billion  level  in  outlays  for  both  KY  1973  and 
Y\  1974.  We  were  also  told  that  the  number  of  cuts  were  policy  decisions  approved  by  the 
Ri esidenl  and  not  ours  to  change.  These  were  particularly  the  major  ones  such  as  Viking 
<>S(>  lOrbitmg  Solar  Observatory],  nuclear  work,  QUKSTOL,  etc.  In  the  area  of  minor 
cuts,  we  would  he  allowed  to  make  adjustments.  The  President  then  also  asked,  we  were 
told  pei  sunnily,  that  a fairly  substantial  number  of  dollars  he  inc  luded  in  the1  NASA  hud- 
gel  on  the  supersonic  transport,  with  the  words  that  he  fell  that  this  was  a mandatory 
development  for  the  country  and  that  NASA  should  take  on  the  fight  with  the  Congress! 

Our  meeting  lasted  for  about  an  hour,  arid  following  that  meeting,  Lilly  continued  to 
meet  with  Young  and  Taft  for  approximately  one  more  hour.  We  then' got  hack  on  our  air- 
plane and  returned  to  Houston.  We  held  additional  meetings  on  the  plane  on  the  way 
haek  to  Houston,  in  Houston  the  next  morning,  and  then  returned  lo  Washington  imme- 
diately alter  the  lunar  rendezvous  and  docking  for  meetings  on  the  following  Friday, 
Saturday,  Sunday,  and  Monday.  By  Sunday  noon  we  had  firmed  up  our  position  and 
Monday  was  spent  in  writing  the  position  for  a rec  lama  submission  to  OMB. 
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Within  NASA  wc  wcrt*  fairly  unanimous  in  deriding  that  a Viking  rut  would  lx*  unar- 
cep  table  First  of  all.  Viking  is  the  only  highly  visible  sign  of  space  exploration  in  the  mid- 
dle 70  s Secondly,  more  than  half  of  the  $800  to  $000  million  on  Viking  has  already  been 
spent  Third,  it  would  be  almost  impossible  to  sustain  the  support  of  the  scient.hr  com- 
munity for  the  rest  of  the  NASA  program  if  Viking  were  cancelled.  For  till  ol  these  reasons 
and  many  more,  we  decided  to  do  our  best  to  try  to  get  Viking  back  into  the  budget.  My 
first  inclination  was  to  try  to  cancel  the  ASH*  [Apollo-Soyu/.  Test  Project  1 mission,  since 
|rom  NASA's  point  of  view  it  contributed  least  to  our  overall  program,  llowevei,  altei 
some  discussion  and  after  some  G-2ing  by  Fletcher,  it  became  very  clear  that  the  President 
considers  ASTI*  the  highest  priority  NASA  mission,  and  that  any  suggestion  on  out  part  to 
cancel  this  llighl  would  be  totally  unacceptable.  The  President  also  ( (insiders  the  Shuttle 
the  second  priority  NASA  mission,  and,  we  were  told,  would  not  consider  cancelling  1 4 1 
that  project.  From  NASA’s  point  of  view,  of  course,  it  was  clear  that  at  a $3  billion  level  we 
would  not  have  started  either  the  Shuttle  or  ASTI*.  11ms,  we  were  in  a major  bind. 

I then  suggested  that  it  might  be  time  to  phase  out  of  the  communications  business. 
The  reasoning  here  goes  something  like  this:  NASA  has  been  a catalyst  for  space  commu- 
nications development  in  the  early  phase  of  the  space  program  and  until  now.  However, 
there  now  has  developed  a significant  communications  satellite  capability  in  private  indus- 
try. f0|  example,  ( OMSAT/INTKI.SAT  is  spending  $14  million  a year  on  advanced  RN  l). 

It  is  clear,  therefore,  that  communications  work  will  go  on  whether  or  not  NASA  panic  i- 
pates.  Of  course,  there  are  some  areas,  such  as  direct  broadcasting,  which  will  take  nun  h 
longer  without  federal  government  participation.  In  other  areas  of  applications,  such  as 
earth  resources,  environmental  work,  etc.,  there  exists  no  commercial/industrial  capabil- 
ity that  will  carry  on  if  the  federal  government  gets  out  of  it.  I,  therefore,  reasoned  that  it 
would  be  best  to  do  one  applications  area  well  instead  of  doing  two  major  areas  not  neat  - 
ly so  well  Fletcher  at  first  was  quite  reluctant  to  accept  this  reasoning,  but  after  a day  01 
so  of  thinking  about  it,  enthusiastically  supported  it.  As  a result,  we  decided  to  propose 
cancellation  of  ATM'.,  to  carry  out  AI'S-F  because  most  of  the  money  on  it  was  already 
spent,  but  at  the  same  time  to  phase  down  all  in-house  communications  R&l)  so  that  bv 
the  time  A I S I-  Hies  we  will  completely  phase  out  of  this  business.  Incidentally,  tins  may  be 
a major  first  for  a government  agency  to  get  out  of  an  R&T)  business  of  its  own  volition. 

In  the  Of  fice  of  Space  Science  we  decided  to  keep  Viking,  but  suspend  HF.AO  I High 
Fnergv  Astronomy  Observatory].  Suspending  a program  is  something  else  that  has  never 
happened  in  NASA  before.  Basically,  we  would  keep  a skeleton  team  together,  both  m 
NASA  and  in  industry,  for  a year  or  more  while  we  reviewed  IfF.AO  to  determine  whethei 
we  can  meet  its  objectives  at,  for  example,  half  the  costs.  Naugle  was  m favor  ol  outright 
cancellation,  if  this  were  the  case,  but  my  view  was  that  through  suspension  we  might  be 
able  to  pick  the  project  up  again  without  again  seeking  a “new  start.”  In  space  science  also, 
OSO  is  no  longer  in  |f»]  the  program  as  we  submitted  it  (I  will  come  back  to  that  latei  ). 

and  there  were  many  across-i  lie-board  cuts. 

In  OAST  | Office  of  Aeronautics  and  Spare  Technology!,  in  our  basic  and  iirst  su\> 
mission  OUFSTOL  and  the  engine  refanning  were  out,  almost  all  nuclear  work  was  can- 
celed  and  there  were  additional  cuts  in  SRI'/ ART.  In  the  overall  SRT/ART  program.  1 
established  guidelines  that  90%  of  this  work  should  have  a promise  ol  being  relevant  with- 
in a period  of  seven  years:  and  that  only  10%  of  our  SRT/ART  work  should  be  in  the 

future  bevond  the  seven-year  period.  , 

In  Manned  Space  Flight,  Skvlab  and  ASH*  were  left  as  they  were,  and  the  Shuttle  was 
cut  back  somewhat  in  cists  and  thereby  delayed  by  a total  of  one  year,  considering  the 
schedule  changes  already  made  by  previous  197$  expenditure  cuts  on  top  of  the  present 

OMB  also  suggested  major  cuts  in  personnel  totaling  1880  with  the  bulk  of  these  com- 
ing at  Marshall' and  at  Lewis/Plumbtook.  We  have,  in  effect,  accepted  the  l ewis/ 


Kxi»i.< )KiN<;  ruF.  Unknown 


185 


IMumhrook  cut  because  ibis  is  where  all  the  nuclear  work  was  going  on,  I lowcvcr,  we  have 
indicated  that  until  we  can  get  things  sorted  out,  we  would  not  accept  a cut  at  Marshall  or 
elsewhere  at  this  time.  We  slated,  instead,  that  a number  roughly  approximating  the  1880 
would  be  coming  out  of  NASA’s  budget,  but  exactly  where  these  cuts  would  be  made  we 
will  determine  later.  In  the  meantime,  I want  to  make  a major  effort  to  see  whether  we  can 
“sell”  the  excess  NASA  capabilities  to  agencies  such  as  FPA  | Knvironmental  Protection 
Agency  I (for  Lewis)  and  tlu*  DOT  [Department  of  transportation]  (for  Marshall).  I his  is 
different  from  what  we  attempted  last  year  when  indicated  that  we  would  make  NASA 
capability  available  as  a service  to  these  other  agencies.  After  trying  for  a year  to  make  that 
work,  it  just  is  clear  that  it  won’t.  Instead,  our  intention  now  is  to  “spin  off’  some  of  the 
capabilities  directly  to  other  agencies  so  that  they  can  develop  an  in-house  capability. 

As  I mentioned  before,  I spent  Monday,  December  18,  writing  our  reclama  letter  to 
Weinberger,  and,  in  addition,  writing  a letter  to  Kissinger  soliciting  his  support  on  Viking. 
Copies  of  tlu*  drafts  of  these  letters  are  attached.  In  the  [b|  meantime,  Fletcher  had  been 
working  with  Whitehead,  Anders,  and  Jon  Rose  to  gel  their  0-2  on  what  was  really  going 
on  in  tin*  White  House,  and,  at  the  same  time,  he  also  received  their  free  advice.  Jon,  who 
is  used  to  dealing  within  the  White  House,  felt  that  the  letters  that  I had  written  might 
make  their  mark  with  OMB  but  he  really  felt  that  they  were  needed  with  Lrlichman  and 
Flanigan  and  wen*  not  suitable  for  that  purpose.  Accordingly,  he  rewrote  both  letters  just 
before  Fletcher  had  a meeting  with  Weinberger  and  Mon  ill  on  December  IP  (I  was  back 
in  Houston  at  that  time).  A copy  of  their  rewrite  is  also  attached.  There  were  no  changes 
in  substance  with  one  exception:  the  engine  refan  program  was  back  in  the  words  but  not 
back  in  the  budget.  Phis  is  a program  where  a great  deal  of  pressure  has  been  applied  to 
the  Vice  President's  office  and  Bill  Anders  would,  therefore,  like  to  see  it  back  in  the  bud- 
get. We  indicated  to  OMB  that  we  would  certainly  undertake  the  project  if  additional 
money  were  added  over  and  above  the  mark  for  this  purpose.  At  the  time  ol  this  writing, 
it  is  quite  probable  that  this  money  will  be  added.  I forgot  to  mention  that  Bill  Anders  met 
with  us  on  the  18th,  and  that  we  engaged  in  a very  significant  philosophical  argument  with 
him.  It  is  Bill's  opinion  (shared  apparently  by  all  White  House  staffers)  that  NASA's  main 
objectives  should  be  to  explore  and  to  provide  launc  h se  rvices.  Subjects  sue  h as  applica- 
tions and  science  we  should  only  do  as  a service  for  others,  and,  therefore,  should  seek 
their  funding,  e.g.,  user  agencies  or  NSF  [National  Science  Foundation!,  for  this  purpose. 
Both  Fletcher  and  I engaged  in  a fairly  whement  argument  with  Anders  on  this  point. 
Although  I don’t  think  we  persuaded  Anders,  at  least  he  knows  where  we  stand. 

Our  budget  submission  as  revised,  was  only  approximately  $50  million  over  the  OMB 
mark  for  both  FY  1975  and  FY  1974.  Weinberger  was  apparently  quite  pleased  with  our 
proposals,  and  it  is  quite  probable  that  they  will  he  accepted.  However,  at  the1  time*  of 
Christmas  weekend  we*  have*  not  yet  heard  positively  that  our  proposals  have  been  accept- 
ed or  that  the*  NASA  budget  is  locked  up.  As  a final  afterthought,  Fletcher  went  hac  k to 
Weinberger  and  asked  him  whether  it  wouldn’t  he  possible  to  reinstate  OSO.  The  rea- 
soning is  that  this  might  be  a minor  concession  to  make  to  the*  scientific  community.  [7] 
This  reinstatement,  of  course,  we  could  only  make  with  additional  f unding.  This,  too,  is 
an  open  item  at  the*  time  of  this  writing. 

Document  1-28 

Document  title:  Committee  on  Satellite  Communications,  Space  Applications  Board, 
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Source:  National  Research  Council,  National  Academy  of  Sciences,  Washington,  D.C. 
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By  1 975,  critics  were  beginning  to  mil  into  question  AVLSVCv  decision  to  withdraw  its  support  from 
the  research  and  development  (Rcsfl))  of  communications  satellites.  Such  critics  argued  that  the 
nation  needed  a governnwnt  program  to  investigate  related  technologies  in  their  early  stages  of  devel- 
opment!,  as  well  as  to  explore  technologies  and  applications  that  mere  not  clearly  linked  to  private-sec- 
tor objectives.  In  response , NASA  contracted  with  the  independent  National  Research  Council  to 
conduct  a study  on  whether  there  was  a justifiable  federal  role  in  communications  satellite  RCsfl).  The 
study  concluded  that  there  was  definitely  a need  for  such  a program  ( excerpts  of  the  study  report  are 
included  here).  This  conclusion  formed  one  of  the  bases  for  AVI  VA  going  ahead  with  the  controversial 
Advanced  Communications  Technology  Satellite  (ACTS)  program ; AC' IS  was  finally  launched  in 
September  1 993. 
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In  January  1973,  the  National  Aeronautics  and  Space  Administration  (NASA),  laced 
with  the  necessity  ol  reducing  expenditures,  examined  its  programs  to  determine  what 
could  be  eliminated.  While  NASA  made  a number  of  reductions,  one  of  interest  to  tins 
studv  was  the  decision  to  essentially  eliminate  its  satellite  communications  activities 
because  this  was  felt  to  he  a relatively  mature  field  and  NASA  believed  that  RNI)  in  sup- 
port of  future  ac  tivities  could  be  provided  by  tlu*  communications  industry.  Since  January 
1973,  several  organizations  have  assessed  the  consequences  of  that  decision  and  have 
urged  that  the  decision  be  re-examined.1 * * 

In  late  197n,  NASA  asked  and  the  National  Research  Comical  agreed  to  study  further 
the  question  “Should  federal  research  and  development  on  satellite  communications  be 
resumed  and,  ii  so,  what  is  the  proper  federal  role  in  this  field?*' To  undertake  the4  study, 
a Committee  on  Satellite  Communications  ((  X)SC)  was  formed  under  the  auspices  of  the 
Spac  e4  Applications  Board  (SAB).  I his  report  presents  the  Committee's  findings;  signifi- 


I.  "The  Federal  Role  m ( lomimmie  ations  Satellite-  R&l),  American  Institute  of  Aeronautics  amt 
Astronautics.  New  York  < it v.  1 H he  NASA  R&I)  Program  on  Satellite  ( iommuim  alums,"  A Position  Paper  of 

the  Satellite1  le'lee  oinmunie  alions  Se  e lion.  Communications  ami  Industrial  Flee  ironie  s Division,  Klee  Ironic 

Industrie's  Association  and  the  ( •overument  Prod  nets  Division,  Klee  (ionics  Industrie's  Association.  Washington, 

D.C.  1P7  I;  untitled  paper.  Aerospace  and  Fh-e  h ome  Systems  < .roup.  The  Institute  nl  Fle<  trie  at  ami  Flertronie 
l.nipne-er.s,  Inc.,  Washington.  D.C  ..  Itl7t». 
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( ant  background  information  and  working  papc 
deliberations  will  be  published  separately. ~ 


rs  assembled  by  the  Committee  during  its 


INTRODUCTION 


In  the  one  hundred  years  since  the  invention  of  the  telephone,  telecommunications 
has  become  a pervasive  part  of  the  developed  world.  The  telephone  is  in  nearly  every 
home  and  in  every  office  in  the  United  States,  and  there  is  about  one  telephone  for  every 
ten  persons  on  earth.  Radio  broadcasting  and  other  radio  links  have  become  common- 
place tools  for  providing  both  entertainment  and  services.  Television  provides  enter. ain- 
ment,  news,  and  educational  services  to  most  homes  in  the-  technologically  de  veloped 
countries  of  the  world.  There  remain,  however,  some  troubling  limitations  to  further 
miprovcments  m communications  services.  For  example,  the  cost  of  providing  telephone 
or  IV  service  by  conventional  means  is  high  in  remote  and  sparsely  populated  regions. 

ms,  the  Rural  Electrification  Administration  has  made  and  guaranteed  about  $650  mil- 
lion  m federal  loans  annually  to  stimulate  an  extensive  rural  telephone  service  now  serv- 
mg  3.1  million  subscribers  in  47  stales. 

High  frequency  radio  is  widely  used  to  span  great  distances  but  suffers  from  outages 
caused  by  solar  disturbances  of  the  ionosphere.  As  a result,  ships  and  aircraft  are  fre- 
quently  out  of  communication  with  their  bases  for  long  periods  or  during  critical  phases 
of  their  journeys.  High  frequency  radio  is  also  severely  spectrum-limited  and  its  use  is 
largely  confined  to  the  provision  of  voice  and  low-speed  data  services.  First  steps  in 
improving  ship  communications  began  in  1970  with  the  launch  of  COMSAT  UeneraPs 
MARIS  A I satellite's  which  now  provide  urgently  needed,  reliable  services  to  U.S.  Navy  and 
commercial  ships  in  the  Atlantic  and  Pacific  Ocean  basins. 

Nineteen  years  ago  when  the  fu  st  satellites  were  launched,  it  was  clear  that  they  could 
seive  as  high-altitude  relay  stations  and  thus  overcome  some  of  the  limitations  of  ter  res- 
tnal  communications  systems.  First  efforts  involved  bouncing  radio  signals  from  orbiting 
balloons  and  even  from  earth’s  natural  satellite,  the  moon.  Another  approach  involved 
l lie  ust'  of  a receiver-transmitter,  called  a transponder,  in  a satellite  to  relay  signals  from 
one  distant  point  on  earth  to  another.  Early  efforts  using  low-altitude  satellites  showed  the 
feasibility  of  the  transponder  technique,  but  such  satellites  had  short  orbital  periods,  did 
not  remain  within  sight  of  the  earth  stations  at  all  times,  and  required  t hat  earth  stations 
continuously  track  those*  satellite's  in  view. 

I lu-  promise  of  communications  via  satellite  was  realized  with  the  use  of  satellites  in 
geostationary  orbits  at  an  altitude  of  36,000  km  [kilometers].  At  that  height,  the  orbit 
period,  synchronized  with  the  earth's  rotation,  places  the  satellite  in  an  essentially  sta- 
tionary position  above  a selected  point  on  the  equator  and  within  line-of-sight  of  about 
one-third  of  the  earth’s  surface.  This  possibility  [2]  for  providing  continuity  of  service  and 
solving  the  tracking  problem  was  pointed  out  by  Arthur  Clarke’  in  1945  and  first  achieved 
by  NASA’s  SYNCOM  in  1963. 

A9**’  "1U‘.U  S-  (;<>ngress  established  the  Communications  Satellite  Corporation 
(CO MSA  I ) to  bring  about  a commercial  international  satellite  communications  system  as 
quickly  as  possible  and  to  represent  the  U.S.  in  the  International  Telecommunications 
Satellite  Organization.  International  satellite  communications  service  began  in  1965  with 


2.  fcwleral  Research  and  l)n>elofnnen(  for  Satellite  Communications:  Working  fa  fiery 
( .orniiiuiiiQiions  of  the  Spar e Applications  Board,  National  Research  Council  Nation 
Washington,  DC.,  1977. 
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Claik,  AC.  Kxtra terrestrial  Relays,"  Wireless  World.  October,  1 945,  pp.  S05-S08. 
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1NTKI.SAT  1 which  could  can  y 240  telephone  channels  or  one  TV  channel I.  IN  ThLSA'l 
II  III  IV  and  IVA  satellites  were  added  in  subsequent  years.  As  oi  Januaiy  1.1//.  t u s>s" 
ten,  provides  telephone  and  TV  links  between  the  91  countries  tjiat  share  in  owners!,, p of 
the  system.  There  are  also  13  non-owner  countries  that  use  the  IN  1 1.1.SAI  system. 

I ’se  of  satellites  for  domestic  communications  within  the  ITS.  was  delayed  by  politic  a 
and  regulatory  processes  until  1974  when  policy  decisions  were  made  about  who  would 
provide  such  services.  Meanwhile,  Canada’s  ANIK  satellite  system  had  become  operational 
in  early  1973,  supplying  some  U.S.  domestic  services.  Since  then  a number  of  companies 
have  entered  the  held  and  today  satellites  are  being  used  to  provide  domestic  telephone  oi 
TV  services.  Additional  domestic  satellites  are  planned  for  the  U.S.  and  for  other  countries 

Since  1963,  the  United  States  has  led  the  world  in  satellite  communications,  luma 
experiments  were  conducted  by  the  National  Aeronautics  and  Space  Administration  and 
the  Department  of  Defense.  Transition  from  experimental  to  practical  use  ol  satellites  was 
rapid  for  transoceanic  telephone  and  IV  services  because  there  existed  an  tnfras ti  ncture 
ready  to  exploit  this  new  medium  and  because  the  number  ol  new  undersea  cables  was 
unable  to  keep  pace  with  the  demand.  U.S.  aerospace  and  electronic  industries  were  able 
to  capitalize  on  their  own  work  as  well  as  on  the  research  and  development  lunded  m 
these  industries  by  the  federal  government  to  develop  a competitive  advantage  ,„  tin’ 

1'lVi e priva t e sector  has  continued  to  make  advances  in  the  technology  for  providing 
conventional  telephone  and  IV  services.  The  industry  has  taken  some  risks;  lor  example 
one  company  paid  for  launch  vehicle  improvements  and  incorporated  much  advanced 
technology,  not  previously  proven  in  flight,  in  its  satellite  to  improve  performance. 
However,  it  became  clear  that  the  risk  the  private  sector  was  willing  (or  could  permit  it-scll) 
to  take  was  limited  and  that  most  private  initiatives  were  being  channelled  to  existing  mai- 
kets  and  to  where  technical  risks  were  not  perceived  as  unacceptably  high.  It  is  cleat  that 
even  in  the  largest  companies,  prudent  management  requires  dial  large  investments  til 
R&D  not  be  made  unless  there  is  reasonable  assurance  dial  relatively  short  term  payolls 
will  result.  Furthermore,  the  risk  of  violating  federal  anti-trust  and  trade  regulation 
statutes  has  led  companies  to  refrain  from  entering  into  joint  efforts  that  might  peiimt 
them  to  share  risk.  As  a result,  following  the  withdrawal  ol  die  federal  government  bom 
satellite  communication  R&D,  there  have  been  no  commercial  experimental  satellites  to 
test  new  techniques  and  concepts  or  to  permit  users  to  experiment  with  new  services. 

There  are  a number  of  potential  communications  services,  such  as  lot  health  c an 
delivery,  educational  services,  search  and  rescue,  electronic  , nail  teleconferencing,  ancl 
environmental  data  collection,  which  apparently  cannot  readily  [3|  or  economically  Ik 
provided  using  the  technology  available  to  the  common  carriers  for  producing  conven- 
tional telephone  and  television  services.  If  die  option  to  initiate  some  of  these  set  vices  is 
to  remain  open  in  the  future,  then  advances  must  be-  made  m needed  technology  >y 
undertaking  research  and  development  programs  now. 

There  are  examples  of  work  which  must  Ik-  undertaken  if  new  services  are  to  be  con- 
templated These  include  technology  for  utilizing  new  portions  of  the  radio  frequency 
spectrum,  employing  larger  and  more  sophisticated  spacecraft  antennas,  utilizing  a satel- 
lite as  a switchboard  in  space,  and  advanc  ing  technology-  to  drive  down  the  cost  of  com- 

,,,U,!£a!hne' passed,  many  concerned  with  the  development  and  the  future  of  satellite 
communications  came  to  realize  that  NASA’s  1973  dec  ision  to  .educe  R&D  ...  the  belt 
m min  indeed  close  options  if  advancements  in  technology  such  as  those  just  cited  did  not 
become  available.  Mindful  of  this,  NASA,  in  the  fall  of  1975,  asked  the  NRC  to  ccm.luct  a 
study  of  the  federal  role  in  satellite  communications  research  and  development,  he  NRt 
agreed  on  Oc  tober  7,  1975,  to  undertake  the  study  and  decided  that  the  work  should  be 
done  bv  a new  Committee  on  Satellite  Communications  (COSC)  under  the  NRC  s Spac  e 
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Applications  Boat'd.  It  was  also  agreed  that  the*  Committee  should  be  constituted  of  tech- 
nologists, communications  system  operators,  satellite  communications  users,  a commu- 
nications policy  specialist,  and  a regulatory  economist.  I he  members  were  selected  with 
due  regard  for  a balance  in  viewpoints.  . . . 

In  its  work,  the*  Committee  considered  whether  it  is  likely  that  satellites  in  geostation- 
ary orbits  could  make  voice,  video,  and  data  communications  attractive  lor  a vaiicty  of 
public  uses  not  presently  provided.  Such  satellite  systems  should  be  able  to  ptovide  new 
services  to  remote  and  distant  plac  es  and  to  sparsely  distributed  users.  For  example,  using 
the  AIS-f>  satellite,  Brazil  has  experimented  with  delivering  television  broadcasts  to  some 
of  its  isolated  populace.  The  U.S.  has  experimented  with  providing  heahh  care  informa- 
tion and  educational  services  to  inhabitants  of  remote  villages  in  Alaska,  Appalachia,  and 
the  Rocky  Mountain  West.  Whe  n the  ATS-6  was  withdrawn  from  such  experiments  to  keep 
an  inter  national  commitment  to  conduct  similar  demonstrations  in  India,  a number  of 
user  groups  testified  to  their  need  for  the  replacement  satellite  which  NASA  had  planned 
to  launch.1  However,  funds  to  complete  and  launch  the  replacement  satellite*  were  not 
appropriated  and  no  individual  user  or  combination  of  users  was  able  to  afford  the*  esti- 
mated $45  million  to  $50  million  to  launch  and  operate  it.  While  the  costeffec  tiveness  of 
am  single*  application  of  this  type  by  a satellite  may  be  questionable/’  the  use  of  multi-pur- 
pose* satellites  may  open  an  increasing  number  of  opportunities  for  public  service,  gov- 
ernment, and  commercial  use*s. 

1 4 1 Among  the*  non-tec hnical  questions  confronting  the  Committee,  therefore,  were 
these:  Are  there  a large  number  of  disaggregated,  mainly  public  service  users  in  remote 
places  likely  to  need  and  want  the  capabilities  of  satellite  communications?  Is  an  experi- 
mental program,  building  on  the  experience  of  the  curtailed  ATS-0  experiments,  war- 
ranted to  permit  users  to  evaluate  the  worth  of  such  service's  and  to  demonstrate  the 
market  and  the  costs?  If  so,  what  should  such  a program  comprise  and  what  should  be  the 
respec  tive  roles  of  the  government,  the  communications  industry  and  the*  potential  pul>- 
lic  service  sec  tor  users? 

Collectively  in  Committee  meetings  and  individually  outside  of  those*  meetings,  the 
members  of  COSC:  (1)  reviewed  the  history  and  present  status  of  satellite  communica- 
tions, (2)  considered  a number  of  important  communications  service  needs  expressed  by 
potential  users,  (3)  identified  advances  in  technology  required  for  meeting  those  needs, 
(4)  judged  which  of  those  advances  probably  would,  and  which  probably  would  not,  be 
met  by  the  private  sector,  (5)  structured  and  evaluated  several  possible  NASA  roles  in  the 
advancement  of  technology,  and  ((>)  decided  upon  recommendations. 

[5 1 PERCEIVED  NEEDS  AND  REQUIRED  TECHNOLOGY 

PERCEIVED  NEEDS 

The  government  investment  in  research  and  development  on  multi-c  hannel  point-to- 
point  satellite*  communications,  which  began  with  the  space  age  and  culminated  in  the 
formation  of  the  Communications  Satellite  Corporation,  clearly  has  borne  rich  dividends 
for  the  country.  The  revenues  from  this  new’  industry  currently  exceed  $200  million  per 
ye  ar  and  arc*  expanding  rapidly.  It  was  only  after  the*  Department  of  Defense  (DOD)  and 


1.  I S.  Small*  ( ioiiimitlcc  on  Aeronautical  and  Space  Sciences.  Hearings  on  S.3542,  A Hill  to 
Authorize  Appropriations  to  the  National  Aeronautics  and  Space  Administration  for  Research  and  Development 
Relating  to  the  Seventh  Applications  Technology  Satellite,  July  2‘k  PI74. 

r,  See  Educational  Policy  ( enter.  Inst  national  Television:  A Comparative  Study  of  Satellite  and  Other  Delivery 
Systems.  Syracuse  Research  Corporation,  Syracuse,  New  York, 
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NASA  had  developed  the  technology  and  demonstrated  its  prac  tical  use,  however,  that 
commercial  firms  were  able  to  risk  operational  systems.  Today  the  price  of  multi-channel 
point-to-point  voice  service  has  dropped  to  several  thousand  dollars  per  channel-year. 
Both  transoceanic  and  domestic  systems  are  in  operation  or  planned  in  a large  number  of 
countries. 

1 he  situation  for  other  classes  ol  long-range  satellite  communications — for  example, 
service  to  mobile  platforms  (ships  and  aircraft)  or  to  widely  distributed  or  remote  ground 
locations — is  much  less  favorable.  Most  users  of  such  communication  terminal  installa- 
tions feel  they  can  afford  only  modest  sized  and  low-cost  antennas.  The  services  so  pro- 
vided might  include  public  activities  such  as  education,  mail,  environmental  monitoring, 
geophysical  exploration,  hazard  warning,  health  care  delivery,  navigation  aids,  time  and 
frequency  dissemination,  public  safety,  search  and  rescue,  or  wildlife  monitoring. 

The  U.S.  Department  of  Health,  Education  and  Welfare  and  NASA  have  recently  con- 
ducted experiments  in  Appalachia,  the  Rocky  Mountain  Stales,  Alaska,  and  Washington 
Stale.'1  These  experiments  were  designed  to  assess  the  value  of  service  to  remote  locations 
and  to  assess  the  communications  satellite  as  a means  for  providing  it.  For  example,  using 
television,  voice,  and  a variety  of  data  signals  relayed  by  ATS-6  (Applications  Technolog)' 
Satellite  (>),  the  experiments  delivered  health  care  and  education  services  to  thousands  of 
Alaskans  living  in  [6]  areas  too  remote  to  reach  readily  in  person  or  through  ground- 
based  communications.7* 

These  experiments  successfully  demonstrated  the  capability  to  provide  diagnostic 
consultative  services  between  medical  professionals  and  paraprofessionals,  transmit  and 
provide  consultations  on  x-rays,  and  transmit  and  up-date  medic  al  records,  all  in  real-time 
via  satellites.  As  a result,  the  Alaska  Native  Health  Board  now  assigns  highest  priority  to 
development  of  the  community  health  aide  program  and  to  improving  the  communica- 
tions that  provide*  the  aides  with  professional  back-up. 11 

The  Public  Service*  Satellite  Consortium10  has  compiled  the  needs  of  numerous  cur- 
rent and  potential  users  similar  to  those  portrayed  in  the  Alaska  example,  but  the  fact  is 
that  most  potential  users  cannot  afford  current  communication  service  prices,  much  as 
the  transoceanic  point-to-point  users  could  not  afford  early  satellite  communications  sys- 
terns  before  technology  advances  brought  lower  prices.  If  ju  ices  could  be  reduced,  an 
increased  market  for  such  services  might  well  develop. 

REQUIRED  TECHNOLOGY 

The  technical  challenge  in  reducing  costs  for  satellite  service  to  small  terminals  is  dif- 
ficult, but  it  is  no  greater  than  that  faced  in  originating  satellite  communications  in  1958. 

I he  basic  approach  already  can  be  envisioned."  To  enable  small  antennas  to  be  used  at 


(>.  Marion  1 1 Johnson.  “ATS~<>  Impact:  A View  from  tlm  Control  Room,"  Xatwnal  I.ibmn  of  AW in nr 
Xnm,  Vol.  XXX.  No.  KM  1,  Octobcr-Novcmber,  1 If 75.  pp.  5—7. 

/.  Charles  Brady,  "Ielemcdicine  Moves  North  to  Alaska."  A Uitionaf  Library  of  ■ A tans.  Vol.  XXX, 
No.  KM  1,  ( )c  lobe  r-\ove  tuber,  1975,  pp.  7-K). 

S.  Martha  R.  Wilson  and  Charles  Brady,  Health  Care  in  Alaska  Via  Satellite,  AIAA  (order enee  on 
Communication  Satellites  for  llealth/Kducalion  Applications,  AIAA  Paper  75-898,  New  York.  1975. 

9.  Subcommittee  on  Appropriations  lot  tin  Department  of  the  Interior  and  Related  Agencies.  I S. 
House  of  Representatives.  Testimony  on  behalf  ol  the  Alaska  Native  Health  board  bv  Lillie  II  McCarve\  Max 
15.  1975. 

10.  I he  Public  Service  Satellite  Consortium  is  a pr  ivate  organization  dedic  ated  to  aggregating  the  pulr- 
lic  .services  satellite  market.  Its  subscribers  number  more  than  05  state1,  local  and  regional  organizations  currently 
conducting  over  20  public  service  satellite  communications  experiments  with  the  NASA  ATS-serics  satellites  and 
the  NASA/Canadian  Communic  ations  Technology  Satellite1. 

I 1 Walter  K.  Morrow,  "Current  and  Future  Communications  Satellite  Technology,”  Presentation  to  (he 
International  Astrouaiitical  federation  2hth  Congress,  Lisbon,  September  1975, 
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rarih  terminals,  high-gain  satellite  antennas  must  be  employed.  To  be  economical,  these 
must  be  shared  by  large  numbers  of  users  at  many  locations.  Many  antenna  beams  from  a 
single  satellite  will  [ 7)  be  required,  along  with  methods  for  accurately  aiming  the  anten- 
na and  a means  for  switching  signals  from  one  beam  to  another  bv  means  of  a switching 
system  aboard  (lu*  satellite.  ,s 

High  Gain  Spacecraft  Antennas 

The  possibility  of  high  gain  (large)  spacecraft  antennas  seems  antithetical  to  the 
notion  of  spacecraft  weighing,  at  most,  a few  thousand  kilograms.  (The  standard  25-meter 
ground  antennas  weigh  hundreds  of  thousands  of  kilograms.)  There  is  one  large  differ- 
ence, however,  between  the  surface  of  the  earth  and  space;  namely,  in  the  absence  of  grav- 
ity and  wind  forces,  large  space  antennas  can  be  built  using  very  light  structures. 

I he  NASA  AIS-fi  spacecraft  incorporates  a 1 0-meter  parabolic  antenna  that  weighs 
le  ss  than  100  kg  | kilograms]  and  is  operable  to  10  GHz  | gigahertz  | . This  antenna  consists 
of  a series  of  sheet  aluminum  ribs  on  which  is  stretched  a metallized  net.  During  launch, 
tin*  antenna  is  packed  into  a small  container  by  wrapping  the  ribs  and  mesh  around  a cen- 
Ual  hub.  Upon  reaching  orbit,  the  ribs  are  released  whereupon  they  unwind  into  their 
deployed  position.1'  Other  designs  need  investigation  with  the  objectives  of  further  reduc  - 
ing weight,  increasing  performance,  and  increasing  size. 

Multiple*  Beams 

One*  diffic  ulty  with  high  gain  spacecraft  antennas  is  that  they  produce  very  narrow 
beams  and  therefore  have  limited  coverage  on  the  earth’s  surface.  For  instance,  the 
Al  S-f)  1 0-inetei  antenna  has  a beamwidth  of  about  1 at  one*  of  the  operating  frequencies, 
2.b  GHz.  If  such  an  antenna  is  to  Ik*  usefully  employed  over  the  earth’s  surface  visible  to 
the  satellite,  it  will  be  necessary  to  generate  a total  of  about  seventy-five  beams  and  to 
shaie  the  spacecraft  antenna  aperture  among  these  many  beams. 

As  an  example,  the  Massachusetts  Institute  of  Technology’s  Lincoln  Laboratory  devel- 
oped a 10  G!  1/  lens  antenna  about  0.75  meter  in  diameter,  illuminated  by  10  feed  horns 
and  producing  10  beams — which  in  the  c ase  of  this  antenna  will  just  cover  that  part  of  the 
earth  visible  from  geostationary  orbit.  The  satellite  transmitter  can  be  connected  by  com- 
mand to  any  combination  of  the  feed  horns.  The  entire  antenna  system  weighs  less  than 
20  kg.  Similar  arrangements  might  he  made  for  large  parabolic  reflector  antennas.  In  that 
case,  a cluster  of  antenna  feeds  would  be  located  at  the  focus  of  the  parabola.  Further 
development  of  these  concepts  is  needed  both  to  achieve  the  proper  performance  over 
the  required  bandwidth  and  to  minimize  effects  of  the  space  environment  suc  h as 
extremes  of  temperature. 

|H|  Precision  Antenna  Aiming 

With  today’s  technology,  aiming  an  antenna  in  space  to  a precision  of  0.1  is  relative- 
ly easy.  However,  the  high  gain  antennas  of  anticipated  future  spacecraft  will  have 
hcamwidths  of  0.1  to  0.5°  and  will  require  a pointing  precision  of  0.0 T or  better.  Ii  is 
advantageous  to  attach  the  antenna  rigidly  to  the  spacecraft  and  aim  the  structure  as  a 
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whole.  To  point  the  beam  accurately,  the  satellite's  location  in  spat  e must  be  known,  the 
directional  vector  to  the  earth  determined,  and  then  pitch,  roll  and  yaw  maneuvers  per- 
formed. The  spacecraft  location  can  be  determined  by  means  of  a series  ol  ground-based 
observations  of  satellite  range  and  range  rate  or  by  means  of  an  on-board  sensor  system. 
One  on-board  system,  in  a Lincoln  Experimental  Satellite,  used  a precision  chronometei 
and  visual  and/or  infl  at  ed  sightings  of  the  sun  and  the  earth's  edge.  The  satellite  location 
was  determined  by  noting  the  time  at  which  the  observed  angle  between  the  sun  and 
earth  reached  a given  value. 

A spacecraft  with  a large  antenna  can  be  turned  in  space  by  means  of  an  onboard 
momentum  wheel  or  wheel's.  By  speeding  up  or  slowing  down  the  wheel,  pitch  maneuvers 
can  be  made.  Pivoting  of  the  wheel  axis  can  produce  roll  and  yaw  motions.  1 he  spacecraft 
must  also  be  kept  in  proper  orbital  position.  I'ltis  is  often  accomplished  by  bydrazme- 
fuclcd  thrusters.  Ammonia  thruster  systems  can  also  be  used  and  electronically  powered 
thrusters  have  been  considered.  Current  aiming  techniques  need  to  be  improved  and 
additional  research  and  development  initiated  to  provide  simple  and  act  urate  systems. 

On-Board  Message  Switching 

The  use  of  multiple  beam  liigll-gain  satellite  antennas  will  permit  the  use  of  small  ter- 
minals. On  the  other  hand,  the  problem  remains  of  how  to  interconnect  users  on  differ- 
ent beams.  One  solution  would  be  to  collect  the  signals  from  the  various  beams  and 
transmit  them  on  a very  wide-hand  downlink  to  a large  ground  terminal.  I lie  intercon- 
nection could  then  lie  made  by  conventional  switching  equipment  and  the  signals 
returned  to  the  spacecraft  on  a wide-band  link  with  each  signal  addressed  to  the  proper 
downlink  beam.  This  solution,  while  permitting  the  complex  switching  equipment  to  be 
located  on  the  ground,  would  require  additional  very  wide-band  channels  in  the  already 
crowded  radio  frequency  spectrum.  Much  more  power  would  be  required  m the  satellite 
and  the  existing  0.25  second  time  delay  would  be  doubled. 

Another  solution  would  be  to  perform  the  switching  in  the  satellite.  On|-]board 
switching  call  be  done  in  several  ways.  While  switching  at  radio  frequency  would  avoid  the 
complexity  of  demodulation,  time  sharing  in  the  use  of  the  downlink  transmitter  would 
be  very  difficult. 

An  alternative  is  demodulation  of  the  up-coming  signals  to  identify  on  winch  beam 
the  down-going  signals  must  be  plac  ed  to  reach  the  intended  recipients.  Recent  advances 
in  high-speed  digital  signal  processors  offer  encouragement  that  on-board  switching  is 
possible.  Much  research  and  development  is  needed  to  arrive  at  practical  solutions  and 
experimental  verification  in  flight  will  be  necessary  before  the  communications  industry 
can  risk  operational  use. 

IP]  Higher  Satellite  Power 

A way  to  increase  satellite  capacity  or  achieve  a given  capacity  with  low  cost  ground  sta- 
tions is  to  increase  the  satellite  transmitter  power.  The  transmitter  power  output  is  the 
product  of  the  available  prime  power  and  the  efficiency  of  the  transmitters. 

There  is  relatively  little  possibility  ol  increasing  the  60%  efficiency  of  current  satellite 
solid-state  transmitters  operating  at  frequencies  up  to  2.0  GHz.  At  frequencies  above 
2.0  GHz,  travelling  wave  tubes  with  efficiencies  of  up  to  40%  are  commonly  used  and 
improvements  in  efficiency  should  be*  possible. 

Significant  advances  in  the  performance  of  prime  power  systems  should  be  possible. 
Most  current  satellites  employ  silicon  solar  cell  power  systems  having  efficiencies  as  low  as 
10%;..  The  lightest  weight  arrangement  involves  solar-oriented  planar  arrays  having  about 
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20  watts  of  power  per  kilogram.  New  designs  having  more  efik  ient  c ells  on  lightweight 
flt‘xihle  suhstratt*s  should  be  able  to  produce  50  watts  pci  kilogtam. 

|,  miiy  also  be  possible  to  develop  even  higher  power  per  unit  weight  by  means  of  larg- 
er solar  array  structures  or  deployed  parabolic  solar  concentrators  which  could  be  used 
with  either  solar  cells  or  perhaps  Bravton  closed-cycle  turboalternators.  I hese  means  foi 
achieving  larger  satellite  capacities  and  thus  lower  earth  station  costs  require  new  tech- 
nology in  prime  power  devices,  in  structural  efficiency,  and  in  the  high  power  transmitter 
devices  themselves. 

Modulation  Systems 

Most  contemporary  systems  employ  analog  frequency  modulation  voice  and  IX  trans- 
mission. For  FM  voice  systems,  a 50  dB  | decibel)  power  signal-to-noise  ratio  in  a one-cvc  U 
band  is  required.  Digital  speech  transmission  systems  operating  at  2400  bits  per  second 
with  very  efficient,  modulation  systems  have  been  demonstrated  to  operate  at  power  sig- 
nal-to-noise ratios  of  about  10  dB.  While  currently  these  digital  systems  are  tar  too  costly 
to  be  used  in  inexpensive  mobile  terminals,  recent  advances  in  the  reduction  ol  the  cost 
of  digital  equipment  indic  ate  the  possibility  of  low-cost  voice  systems  operating  at  signifi- 
cantly lower  signal-to-noise  ratios. 

on  IKK  TECHNOLOGY  AND  PHENOMENOLOGY 

Other  improvements  are  needed  in  satellite  support  systems,  typical  of  these  needs 
are  those  for  lighter,  longer  life  (nickel-hydrogen)  batteries  and  station-keeping  engines 
(ion  engines) . Better  understanding  is  also  needed  of  certain  space  phenomena  such  as 
static  discharges  at  geostationary  orbit  and  the  effects  of  rain  on  the  polarization  of  radio 
signals  It  should  be  noted  that  AT&T’s  COMSTAR  satellite  carries  radio  propagation 
experiments  at  18  (41/  and  80  GHz.  These  experiments,  although  singular,  are  typical 
of  the  many  experiments  needed  to  better  understand  potentially  hunting  natural 
phenomena.  . . . 

1 29 1 CONCLUSIONS  AND  RECOMMENDATIONS 

The  Committee,  in  its  deliberations,  reviewed  a number  of  future  communications 
needs  which  potentially  could  be  satisfied  by  satellite  systems.  These  included  needs  m 
fields  such  as  education,  health  t are  delivery,  hazard  warning,  navigation  aids,  search  and 
rest  ue,  electronic  mail  delivery,  time  and  frequency  dissemination,  and  geophysical  explo- 
ration.’ Many  of  these  are  public  service  needs  which  might  be  satisfied  by  satellite  com- 
munications systems  using  high  power  and  a high-gain  antenna  in  the  spate  segment, 
permitting  low-gain,  low-cost  earth  stations.  To  make  such  systems  possible,  technological 
advances  in  multibeam  spacecraft  antennas,  low-cost  earth  stations,  large  satellite  power 
systems,  high-speed  spacecraft  communications  svs'itches,  and  spacecraft  snppoi ting  (eth- 
nology may  be  required.  If  costs  can  be  reduced  by  the  application  of  new  technology,  many 
potential  public  service  users  may  benefit  from  new  satellite  communications  services. 

The  Committee  concludes  that  the  technology  to  meet  such  needs  is  often  not  pro- 
vided by  the  private  sector  because  of  the  technical  and  cost  risks  involved.  The 
Committee  therefore  concludes  that  there  is  an  appropriate  federal  role  and  that  NASA 
should  resume  the  research  and  development  activities  needed  to  provide  the  new  tech- 

nology.  ...  i 

As  discussed  earlier  in  this  report,  it  became  clear  as  the  Committee  progressed 
through  its  deliberations  that  it  would  be  neither  possible,  nor  appropriate,  for  a part- 
time,  short-duration  committee  to  undertake  an  exhaustive  study  of  the  future  needs  ol 
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ihe  country  in  satellite  communications  and  then  to  make  detailed  recommendations  on 
the  basis  ol  such  a comprehensive  study.  Instead,  the  Committee  focused  upon  classes  of 
possible  NASA  programs  (called  “options"  in  this  report)  and,  accordingly,  the 
Committee  s conclusions  and  recommendations  are  foc  used  on  the  options  considered. 

1 lie  Committee  concludes  that  the  current  NASA  satellite  communications  program 
(Option  1)  is  inadequate,  both  in  terms  of  meeting  NASA’s  statutory  advisory  obligations 
and  in  tei  ms  of  meeting  the  country’s  needs  in  satellite  communic  ations  research  and 
development . Some  members,  but  not  all,  felt  that  if  this  option  were  the  only  one-  that 
the  nation  was  willing  to  support,  NASA  should  drop  out  entirely  of  the*  sate  llite*  commu- 
nications research  and  development  business,  and  that  legislation  should  be  sought  which 
would  terminate  NASA’s  statutorily  mandated  advisory  responsibilities  in  satellite  com- 
munications. 

I he  Committee  believes  that  the  extra  funding  required  to  support  an  expanded 
NASA  satellite  communications  technology' program  (Option  2)  is  not  likely  ( 30]  to  pro- 
duce enough  returns  of  value  to  the  country  to  make  it  worthwhile  pursuing,  and  there- 
fore recommends  against  it. 

Option  3,  a satellite  communications  tec  hnology  flight-test  support  program,  has  con- 
siderable appeal  in  that  it  is  directed  at  removing  a major  roadblock  in  the  way  of 
increased  private  sector  investment  in  satellite  communications  research  and  develop- 
ment. Such  a program  would  face  many  difficulties  in  deciding  fairly  who  should  be  pro- 
vide d sue  h oppoi  Utilities  and  in  resolving  questions  of  access  to  results,  patent  protection, 
government  rights,  and  proprietary  rights,  to  name  a few.  The  Committee  therefore  is 

skeptical  of  the*  like  ly  efficacy  of  such  a program  and  recommends  against  pursuing  it 

even  if  undertaken  in  conjunction  with  Option  1. 

I he  C ommittee  recommends  that  NASA  implement  an  experimental  satellite  comma  nica- 

tions  technology  flight  program  {Option  4)  using  the  safeguards  provided  by  the  first  two 

phases  oj  the  decision  process  discussed  in  the  preceding  section. 

I hat  procedure  is  intended  to  ensure  that  the*  communications  te  chnology'  program 
is  lesponsive  to  the  perceived  needs  of  the  entire  satellite  communications  community, 
inc  luding,  in  particular,  potential  users  of  the  servic  e s.  In  addition,  it  is  believed  that  fol- 
lowing this  procedure  will  help  foster  better  transition  of  the  experimental  results  into 
subsequent  operational  systems. 

It  seems  clear  to  the  Committee  t fiat  there  are  a number  of  potential  public  servic  e 
satellite  communications  systems  which  should  be  investigated  in  detail  for  possible  imple- 
mentation. However,  as  discussed  in  the  preceding  chapter,  the  Committee  also  believes 
firmly  that  NASA  should  pursue  such  a program  only  if  one  or  more  potential  user  groups 
are  involved  from  the  start  of  the  program  through  its  finish,  and  only  if  the  estimated 
costs  and  benefits  are  thoroughly  investigated  and  the  balance  indicates  the  pursuit  of  the 
program  is  worthwhile. 


l'he  CommUter  recommends  that  NASA  implement  an  experimental  public  service  satellite 
commu  nications  system  program  {Option  5),  provided  that  the  program  is  carried  ou  t using 
the  entire  four-phase  derision  process  discussed  in  the  preceding  section. 

The  Committee  concludes  that  the  arguments  against  an  operational  public  service 
satellite  communications  system  program  (Option  6)  are  compelling,  that  such  an  option 
is  inappropriate  for  NASA,  and  recommends  against  it. 

In  summary,  the  ( committee  on  Satellite  ( Communications  concludes  that  there  might 
well  he  a number  of  public  service  communications  needs  which  satellite  communications 
systems  of  the  future  could  help  satisfy.  Some  of  these  services  and  systems  may  require 
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tin*  development  of  technology  such  as  multi-beam  spacecraft  antennas,  low-cost  earth  sta- 
tions and  on-board  signal  switching- — technologies  which  do  not  readily  derive  from  cur- 
tent  01  anticipated  future  activities  of  the  private  communications  common  carriers.  In 
addition,  because  of  the  disaggregated  nature  of  those  who  need  these  services,  the  pri- 
vate- sec  tot  often  cannot  find  a ready  market  which  justifies  the  risk  of  expansion  into  the 
provision  of  these  new  services.  There  is,  then,  an  appropriate  federal  role  in  (31  ] assist- 
ing the  development  of  needed  technology  and  in  demonstrating  new  public  services  for 
a sufficient  per  iod  that  their  users  may  be  perceived  as  a viable  market  by  the  private-  sec- 
tor. I he  most  appropriate  supplier  of  the  needed  technology  is  NASA. 

I hr  Committee  recommends  that  as  soon  as  possible , NASA,  with  the  participation  of  appro- 
priate user  groups , begin  conceptual  definition  of  both  the  needed  technology  (Option  4)  and 
(he  public  sendee  experiments  themselves  ( Option  5). 


I hese  initiatives  are  the  lust  steps  in  the  implementation  of  the  Committee's  Options 
1 and  :>  which  have-  been  described  earlier  in  this  report.  The  report  also  describes  a 
process  of  checks  and  balances  which  the-  Committee  believes  are  essential  to  channel  the 
expanded  NASA  role  in  the  needed  direction. 


Document  1-29 

Document  title:  John  J.  Madison,  Legislative  Affairs  Specialist,  NASA,  Memorandum  for 
the  Record,  “Advanced  Communications  Technology  Satellite  (ACTS)  program  meeting 
October  13,  1983.”  * 5 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 


beginning  in  1 9S0,  A/l.S/l  reentered  the  communications  satellite  research  and  development  area , 
first  with  a technology  development  effort  and  then  with  a proposal  for  a satellite  mission  that  would 
demonstrate  various  nno  technologies  and  their  ability  to  work  together  as  a system.  This  mission , 
known  as  the  Advanced  (communications  Technology  Satellite  (ACTS),  was  controversial  within  the 
government.  The  Reagan  administration  believed  that  it  was  the  private  sector's  responsibility  to 
invest  m tei  hnology  and  demonstrate  its  capabilities  in  areas  where  the  primary  payoffs  would  be  com- 
mercial. bar  several  years  during  the  mid- 1 9H()s,  President  Reagan  refused  to  approve  funding  for 
!\ASA  to  dnielop  A(JS,  Hughes,  the  world's  leading  builder  of  communications  satellites , also 
opposed  the  program  on  the  grounds  that  it  refmsmted  inappropriate  government  competition  with 
the  private  set  lot.  (ingress,  with  a Democratic  majority,  believed  in  a partnership  between  the  public 
and  private  sectors  would  assure  the  nation's  continued  leadership  in  the  communications  satellite 
sector,  bach  year,  for  sevmil  years.  Congress  restored funding for  the  mission  to  NASA's  budget.  It  was 
not  until  early  19H7  that  the  Reagan  administration  reversed  its  opposition  to  the  program,  allowing 
it  to  move  forward.  A(JS  was  finally  launched  in  1993.  This  memorandum  captures  the  early  NASA 
justification  for  the  program,  as  presented  in  a meeting  of  two  staff  members  of  the  space  subcom  mit- 
tee of  the  House  of  Representatives  (Rad  Byerly  and  Tim  Clark),  head  of  the  ACTS  program  at  NASA 
Headquarters  (Robert  Lovell),  and  NASA  s legislative  affairs  specialist  (John  Madison).  The  pro- 
gram \ rationale  and  design  underwent  continual  change  until  a program  concept  acceptable  to  both 
the  executive  branch  and  Congress  was  dtveloped . 
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Memorandum  for  the  Record 

SUBJECT:  Advanced  Communication  Technology  Satellite  (ACTS)  program  meeting, 

October  IS,  1983 

PRESEN T:  Committee  stall:  R.  Byerly,  T.  Clark; 

NASA:  R Lovell  and  J.  Madison 

The  purpose  of  the  meeting  was  to  review  the  status  of  the  NASA  A( : I S program. 

Dr.  Byerly  started  the  meeting  by  asking  a number  of  questions  about  the  rational  tor 
NASA’s  recommitment  to  develop  a second  generation  satellite  communications  teclmol- 
og)  base  for  industry.  The  following  points  were  established  by  the  ensuing  discussions: 

• The  current  global  shift  form  [sic]  an  industrial  to  an  m format  ion-based  econo- 
my is  creating  a rapidly  increasing  demand  for  capacity  that  cannot  be  met  by  the 
satellite  communication  technology  base  developed  by  NASA  and  industry  (lur- 
ing the  period  ol  1962  to  1973. 

• The  satellite  communications  industry  is  not  monolithic;  individual  sectors  like 
the  hardware  manufacturers,  the  common  carriers,  the  antenna  manulacturers, 
the  entrepreneurs  who  buy  transponders  one-at-a-time  and  lesell  them  and 
other  Js]  have  had  little*  interest  in  maintaining  an  advanced  technology  base. 

• The  U.S.  competitive  edge  in  the  world  market  has  been  substantially  eroded  by 
the  transfer  of  technolog)'  to  foreign  manufacturers;  in  the  U.S.,  only  two  out  ol 
five  former  leaders  in  the  world  market  remain  competitive. 

• To  provide  die  capacity  to  meet  the  forecasted  demand,  NASA  and  industry  over 
the  past  five  years  focused  research  on  the  precursor  technologies  to  an  experi- 
mental system  like  ACTS;  the  technologies  include  frequency  reuse  through  spot 
beams,  oil-board  switching  and  regeneration,  data  compression,  modulation  and 
demodulation  and  beam  hopping;  there  is  now  a good  understanding  of  the  tech- 
nical risks  related  to  most  of  the  technologies. 

• The  ACTS  program  provides  for  the  testing  of  many  of  these  technologies  in  an 
experimental  network  that  could  be  applied  to  the  next  generation  of  geosta- 
tionary communications  satellites.  It’s  ( sit  1 objective  is  to  restore  the  preemi- 
nence of  the  U.S.  industry  in  satellite  communications. 

Dr.  Byerly  and  Mr.  Lovell  discussed  the  NASA  effort  that  supports  the  AC  TS  program. 
It  consists  of  two  activities.  One  involves  fundamental  research  aimed  at  developing  the 
devices  and  processes  that  support  an  advanced  components  development  activity  and 
some  highly  sophisticated  components  which  are  beyond  the  technical  level  of  ACTS.  I be 
second  is  directed  toward  developing  components  that  will  reduce  some  of  the  technical 
risk  related  to  the  ACTS  experimental  flight  systems. 

Dr.  Byerly  inquired  into  the  status  of  the  ACTS  program.  Mr.  Lovell  indicated  that 
NASA  was  still  involved  in  the  source  selection  process.  One  proposal  was  submitted  in 
response  to  the  RFP  [request  for  proposals]  which  was  issued  in  March  1983.  The  pro- 
posed industry  team  is  composed  of  RCA,  TRW,  COMSAT,  Hughes  and  Motorola.  RCA 
would  act  as  the  prime  contractor  responsible  for  the  satellite  bus  and  the  integration  of 
the  ACTS  payload.  The  total  estimated  cost  of  the  ACTS  program  is  $354.0  million. 
Industry  will  contribute  to  the  cost  of  the  program. 

Some  discussion  about  the  incentives  for  industry  to  participate  in  the  AC  I S program 
followed.  The  principal  motivators  are:  a $10-$  15  billion  per  year  commercial  communi- 
cations market  in  the  1990’s,  an  opportunity  to  be  the  beneficiary  of  a good  technology 
transfer  mechanism  and  good  protection  of  proprietary  data  amid  an  activity  including  a 
number  of  competitors. 
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No  additional  items  were  reviewed.  Dr.  Byerly  requested  a two  page  programmatic 
description  of  the  ACTS  program. 


John  J.  Madison 
Legislative  Alt  airs  Specialist 
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Document  title:  William  Schneider,  Under  Secretary  of  State  for  Security  Assistance, 
Science,  and  Technology,  and  David  J.  Markey,  Assistant  Secretary  of  Commerce  for 
Communications  and  Information,  “A  White  Paper  on  New  International  Satellite 
Systems,”  Senior  Interagency  Group  on  International  Communication  and  Information 
Policy,  February  1985. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  report  sets  forth  the  reasoning  behind  the  November  28,  1984,  detirnri  nation  try  President 
Ronald  Reagan  that  “ sefmrale  international  communications  satellite  systems  are  required  in  the 
national  interest.  ” (A  copy  of  the  determination  is  included  in  the  excerpts  from  this  report.)  This  deci- 
sion marked  the  end  of  an  era  du  ring  which  it  was  U.S.  policy  to  protect  the  position  of  IN  Phi SAI 
as  the  only  provider  of  global  point-to-point  communications  via  satellite. 

A White  Paper  on  New  International  Satellite  Systems 

Senior  Interagency  Group 
on  International  Communication 
and  Information  Policy 

William  Schneider,  Jr.  David  J.  Markey 

Under  Secretary  for  Security  Assistant  Secretary  for 

Assistance,  Science,  and  Technology  Communications  and  Information 

U.S.  Department  of  State  U.S.  Department  of  Commerce 

February  1985 


Introduction 


Since  1988,  several  U.S.  firms  have  filed  applications  with  the  Federal 
Communications  Commission  (FCC)  to  establish  international  communications  satellite 
systems  in  addition  to  the  global  system  owned  by  the  [International]  Telecommuni- 
cations Satellite  Organization  (INTELSAT).  Orion  Satellite  Corporation,  International 
Satellite,  Inc.  (LSI),  and  Cygnus  Corporation  propose  new  transatlantic  communications 
systems,  and  RCA  American  Communications,  Inc.  (RCA)  has  applied  to  use  capacity  on 
a U.S.  domestic  satellite  to  provide  international  service.  Pan  American  Satellite 
Corporation  (PanAmSat)  proposes  to  establish  a system  which  would  serve  Latin  America. 
In  addition  to  existing  and  planned  regional  satellite  systems  independent  of  INTELSAT, 
other  transoceanic  satellite  systems  are  under  consideration  abroad.  Approved  and  pro- 
posed transatlantic  submarine  cable  communications  facilities,  many  of  which  are  actual- 
ly or  potentially  competitive  with  INTELSAT,  are  pending  as  well. 
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Focus  of  Report 

I hc  filing  of  U.S.-based  satellite  system  applications  with  the  FUC  prompted  action  by 
the  Fxecutive  branch,  which  has  special  responsibilities  in  this  field  under  the 
Communications  Satellite  Act  of  1962,  as  amended  (47  C.S.C.  701  et  scq.)  including  the 
responsibility  to  determine  whether  additional  U.S.  international  satellite  systems  are 
“required  in  the  national  interest.”  The  Senior  Interagency  Croup  on  International 
Communication  and  Information  Policy  (SIC)  reviewed  U.S.  international  satellite  policy 
to  determine  whether,  and  under  what  conditions,  authorizing  satellite  systems  and  ser- 
vice's in  addition  to  IN1ELSAT  would  he:  (a)  consistent  with  prevailing  U.S.  law,  practice, 
and  international  treaty  obligations;  (b)  compatible  with  sound  foreign  policy  and 
telecommunications  policy  goals;  and,  (c)  in  the  U.S.  national  interest.1 
[2 1 The  Executive  agencies  represented  on  the  SIC  undertook  a study  and  reached  a 
unanimous  position  in  favor  of  new  entry,  subject  to  certain  limitations.  A recommenda- 
tion subsequently  was  made  to  the  President  by  the  Secretaries  of  State  and  Commerce. 
The*  President  determined  on  November  29,  1984,  that  international  satellite  systems  sep- 
arate from  INTELSAT  were  required  in  the  U.S.  national  interest,  subject  to  certain  con- 
ditions. Specific  criteria  relating  to  the  President’s  determination  were  then  forwarded  to 
the  FCC  by  the  Secretaries  of  Commerce  and  State  jointly.  See  Appendixes  A and  B. 

This  report  provides  background  information  regarding  the  President’s  determina- 
tion, and  it  also  provides  information  on  important  regulatory  and  other  parallel  mea- 
sure's which  arc*  desirable  to  ensure  that  the  Executive  branch’s  fundamental  policy 
goal — an  efficient  and  responsive  international  communications  environment — is 
achieved.  The  discussion  here  focuses  on  the  major  communications  and  information  pol- 
icy issues  raised  by  the  applications  before  the  FCC.  It  addresses  commercial,  trade*,  and 
legal  matters,  and  also  examines  major  U.S.  foreign  policy  interests  and  concerns. 

This  report  does  not  seek  to  resolve  all  of  the  questions  that  have  been  raised  regard- 
ing new  international  satellite  systems  nor  to  direct  action  by  the  FCC  on  specific  pending 
applications.  It  does,  however,  consolidate  much  of  the  extensive  analysis  that  has  been 
undertaken  by  the  Exe  cutive1  branch  and  sets  forth  the  requirements  applicable  to  any  sys- 
tem the  FCC  may  eventually  authorize. 

Fite  Executive  branch  has  concluded,  in  brief,  that  it  is  technically  feasible,  econom- 
ically desirable,  and  in  the  national  interest  to  allow  new  entry  by  U.S.  firms  into  the*  inter- 
national satellite  field.  Customers  should  be*  afforded  both  the  new  service*  options  and 
the-  benefits  of  competition  among  customized  servic  e*  providers  that  new  entry  promises. 
Ibis  can  be  accomplished,  moreover,  while  maintaining  the  technical  integrity  of  the 
INTELSAT  global  system  and  avoiding  significant  economic  harm  to  that  system.  U.S.  for- 
eign policy,  and  international  communications  and  information  policy;  require  a contin- 
ued strong  national  commitment  to  INTELSAT  as  “a  single  global  commercial 
telecommunications  satellite  [3]  system  as  part  of  an  improved  global  telecommunica- 
tions network.”'  But  our  national  commitment  to  INTELSAT  and  other  important  goals 
can  be*  accommodated,  provided  that  new  international  satellite  systems  and  se  rvices  are 
authorized  and  regulated  along  the  lines  discussed  in  this  report. 


f Hie  SIC  is  composed  of  representatives  of  ihe  Departments  of  State,  justice.  Defense,  and 
( online) c e;  (tie  Offices  ot  Management  and  Budget,  Science  and  technology  Policy,  Police  Development,  and 
(tie  t S.  Trade  Representative;  the  National  Security  Council;  the*  Central  Intelligence*  Agency;  the*  U.S. 
Information  Agency  (USIA);  the  Board  lor  International  Broadcasting;  the*  Agencv  for  Internationa) 
Developme  nt;  and  the  National  Aeronautics  and  Spare  Administration.  Commerce  and  State  co-chair  the  SKi 
and  l SI  A serves  as  vice  chair. 

-•  Preamble,  Agreement  Relating  to  the  International  Telecommunications  Satellite  Organization 
"IN  I K I .SAT, "II AS  7532,  23  l ST  3<3 1 3,  3.3 I 4 ( 1 973 ) . 
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Specifically,  ibis  report  conc  ludes  that — 

(a)  Additional  international  satellite  facilities  should  be  permitted  by  the  FCC,  pro- 
vided they  satisfy  conventional  regulatory  requirements,  but  the  new  entrants  must  be 
restricted  to  providing  customized  services,  as  defined  in  this  report.  When  one  or  more 
authorities  abroad  authorizes  use  of  such  new  systems,  the  United  States  with  those 
authorities  will  enter  into  consultation  procedures  with  INTELSAT  under  Article  XIV(d) 
of  the  INTELSAT  Agreement.  Construction  permits  may  be  issued  at  the  conclusion  of 
regulatory  proceedings  to  those  applicants  meeting  the  public  interest  requirements  of 
the  Communications  Act.  Final  licenses  and  authorizations  should  not  be  issued,  howev- 
er, until  after  INTELSAT  consultation  is  completed. 

(b)  The  KCC  should  examine  allowing  U.S.  carriers  and  users  in  addition  to  the 
Communications  Satellite  Corporation  (Comsat)  to  have*  cost-based  access  to  the 
INTELSAT  spat  e segment  for  customized  services.  This  matter  can  be  pursued  on  a par- 
allel track,  as  the  pending  applications  are  being  processed,  however,  and  does  not  con- 
stitute a condition  to  FCC  action  on  these  applications. 

(e)  'The  United  States  should,  and  will,  maintain  its  full  commitment  to  INTELSAT, 
while  permitting  technology-driven  competition  in  this  important  sector  to  evolve. 

1 5(  f 1 Conclusion 

The  applications  to  establish  additional  international  satellite  systems  now  pending 
before  the  FCC  presented  four  options.  The  Executive  (branch)  could  have  recommend- 
ed (1)  approval,  (2)  denial  of  the  applications  outright,  (3)  approval  of  the  applications 
subject  to  specific  qualifications,  or  (4)  further  study,  with  postponement  of  any  decision 
for  an  indefinite  period.  The  unanimous  view  among  the  member  agencies  represented 
on  the  SIC  is  that  it  would  be  in  the  U.S.  national  interest  to  allow  new  providers  of  inter- 
national satellite  facilities,  provided  INTELSAT  were  not  exposed  to  signific  ant  economic 
harm.  The  President’s  determination  reflects  this  view. 

There  is  suf  ficient  risk  of  significant  adverse  economic  impact  on  INTELSAT  to  make 
blanket  approval  of  unrestricted  competition  unwise.  It  would  also  be  premature  to  take 
such  a step  until  the  results  of  cost-based  access,  new  fiber  optic  cables,  and  new 
INTELSAT  services  are  fully  evaluated.  Unrestricted  entry  could  ultimately  undermine 
the  economic  integrity  of  this  important  international  enterprise,  which  would  be  incon- 
sistent with  the  U.S.  national  interest. 

[51 1 I he  case  has  not  been  made  for  flatly  disapproving  the  existing  applications.  The 
new  entrants  have  made  a threshold  showing  that  services  they  propose  are  not  now  avail- 
able on  comparable  terms.  Limited  entry  along  the  lines  recommended  would  further 
U.S.  international  trade  interests,  promote  technological  progress,  and  be  consistent  with 
national  defense.*  and  security  interests  as  well.  Oiven  these  limitations,  and  the  lestiic  tions 
likely  to  be  placed  on  any  new  satellite  system  by  telecommunications  authorities  abroad, 
the  risk  of  any  significant  adverse  impact  on  INTELSAT  is  exceedingly  small. 

Further  study  and  resulting  delay  [are]  unlikely  to  further  the  national  interest.  Over 
a year  of  extensive  study  and  review  by  the  Executive  branch  has  already  taken  place.  I his 
review  has  not  resulted  in  the  submission  of  credible  information  supplied  by  anyone, 
inc  luding  INTELSAT  and  Comsat,  which  demonstrates  plausible  adverse  effects.  There  is 
no  basis  to  assume  such  information  will  be  forthcoming. 

Satellite  systems  entail  significant  lead  time.  Time  is  required  to  secure*  the*  requisite 
spacecraft,  to  reach  launch  agreements,  and  to  secure  operating  arrangements.  U.S.  reg- 
ulatory procedures  are  generally  more  lime*  consuming  than  those  abroad,  wheie  dec  i- 
sions  can  sometimes  be  reached  and  implemented  without  the  regulatory  proceedings 
and  protracted  court  appeals  characteristic  of  U.S.  regulation.  Consultation  with 
IN  TELSAT  is  also  required.  Even  were  the  pending  applications  approved  by  the  FCC 
immediately,  service  would  not  be  available  for  some  time. 
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Government  should  not  stifle  private  entrepreneurial  initiatives  absent  sound  and 
compelling  public  policy  reasons.  Such  initiatives  should  not  be  discouraged  when  the  sen  - 
vices  proposed  could  prove  of  value  to  customers,  improve  their  productivity  and  effi- 
ciency, and  thus  enable  American  firms  to  compete  more*  effectively  both  at  home  and 
abroad.  The  public  policy  case  for  continuing  the  status  quo  and  flatly  prohibiting  addi- 
tional international  satellite  systems  is  weak.  Simply  the  pendency  of  U.S.  applications  has 
caused  INTELSAT  to  accelerate  plans  for  special  business-oriented  services  and  has  pre  - 
cipitated a beneficial  review  e>f  competitive  conditions  in  the  international  satellite  field 
generally.  Further  study  and  inevitable  delay  are  unlikely  to  yield  public  dividends  com- 
mensurate* with  the  economic  costs  imposed. 

1 52]  It  is  the*  view  of  the  Executive  branch  that  the  national  interest  will  be  furthered  by 
approving  additional  international  communications  satellite*  systems  subject  to  limitations 
designed  to  minimize  adverse  effects  on  INTELSAT.  Specifically,  additional  systems 
should  he*  restricted  to  providing  services  through  the  sale  or  long-term  lease  of  transpon- 
ders or  space  segment  capacity  for  communications  not  interconnected  with  public- 
switched  message*  networks  (except  for  emergency  restoration  service).  Consultation  must 
he*  undertaken  with  1NTELSA1  pursuant  to  Article*  XIV(d)  of  the*  Definitive  Agree*nu*nt. 

[ 53  ] Appendix  A 

[54]  THE  WHITE  HOUSE 

WASHINGTON 


November  28,  1984 


Presidential  Determination 
No.  85-2 


MEMORANDUM  EOR  I I IE  SECRETARY  OF  STATE 

I I IE  SECRETARY  OF  COMMERCE 

By  virtue  of  the  authority  vested  in  me  by  the  Constitution  and  statute's  of  the  United 
States,  including  Sections  102(d)  and  201  (a)  of  the  Communications  Satellite  Act  of  1902, 
as  amended  (47  U.S.C.  701(d),  721  (a)),  I hereby  determine  that  separate  international 
communications  satellite  systems  are  required  in  the  national  interest.  The  United  States, 
in  order  to  meet  its  obligations  under  the  Agreement  Establishing  the  International 
Telecommunications  Satellite  Organization  (INTELSAT)  (TIAS  7532),  shall  consult  with 
INTELSAT  regarding  such  separate  systems  as  are  authorized  by  the  Federal 
Communications  Commission.  You  are  directed  jointly  to  inform  the  Federal 
Communications  Commission  of  criteria  necessary  to  ensure  the  United  States  meets  its 
international  obligations  and  to  further  its  telecommunications  and  foreign  policy  interests. 

This  determination  shall  be  published  in  the  Federal  Register. 


[hand-signed:  “Ronald  Reagan”] 


EXPLORING  nil.  I N KNOWN 


151 


1 55 1 


THE  SECRETARY  OF  COMMERCE 

Washington,  D.C.  20230 


November  30,  1084 


Honorable  George  P.  Sliult/ 
Secretary  of  Slate 
Washington,  D.C.  20520 


Dear  George, 


There  are  two  matters  regarding  the  President’s  determination  on  new  international 
sate  llite  systems  that  ne  ed  to  be  clarified.  First,  the  White  House  has  directed  our  depart- 
ments to  examine  the  scope  of  I NT  ELS  AT ’s  pricing  flexibility.  Second,  our  position  on  the 
related  issue  of  direct  access  to  INTELSAT  should  be  made  dear. 

The  executive  agreement  establishing  INTELSAT  generally  requires  uniform  pricing 
for  each  service.  Prices  on  heavily  trafficked  routes  may  now  exceed  costs  while  those  on 
thin  routes  may  be  below  costs.  It  is  not  clear  whether  INTELSAT  could  vary  its  prices 
under  the  agreement.  II  IN' TELSAT’s  prices  on  busy  routes  are  artificially  inflated,  ineffi- 
cient entry  by  new  systems  may  be  induced.  INTELSAT  should  have  pricing  flexibility 
when  confronted  with  actual  or  potential  competition  as  long  as  the  prices  il  charges 
cover  its  costs. 

A related  issue  is  direct,  cost-based  access  to  the  INTELSAT  space  segment.  Allowing 
users  and  carriers  in  addition  to  Comsat  the  option  to  deal  with  IN  TELSAT  directly  for 
competitive  services  would  foster  competition  based  on  superior  efficiency  and  foresight 
and  tend  to  deter  entry  by  inefficient  systems. 

We  should  express  clear  positions  on  these  two  important  points  in  the  filing  we  will 
soon  be  submitting  jointly  to  the  Federal  Communications  Commission.  I have  asked 
Dave  Markey  to  work  with  Bill  Schneider  to  ensure  this  is  done. 

Sincerely, 

[hand-signed:  “Mac”] 

Secretary  of  Commerce 


cc:  Chairman  Mark  Fowler 

[ 5b  | Tl IE  SEC ;RETARY  OF  STATE 

WASHINGTON 


December  20,  1984 


Dear  Mae: 

Thank  you  for  your  letter  of  November  30  relating  to  the  President’s  determination 
on  international  satellite  systems  separate  from  INTELSAT.  Your  understanding  conforms 
with  ours  that  the  While  House  is  interested  in  having  us  examine  the  issues  of  pricing 
flexibility  in  INTELSAT  and  direct  access  to  INTELSAT  by  users  other  than  COMSAT. 

We  have  received,  and  are  reviewing,  the  draft  paper  prepared  by  Nil  A [National 
Telecommunications  and  Information  Administration)  which  might  be  sent  jointly  to 
l lie  ECC. 
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Flu*  Office  of  the  Coordinator  for  International  Communication  and  Information 
Policy,  together  with  others  concerned  with  the  issue,  are  working  with  your  staff  on  these 
and  additional  issues  emanating  from  the  Presidential  determination. 

Sincerely  yours, 

| hand-signed:  “( leorge”  | 

Ceorge  P.  Slmlt/ 


The  I lonorablc 
Malcolm  Baldridge, 

Secretary  of  C Commerce. 

cc:  Chairman  Mark  Fowler 
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1 58 ] THE  DEPARTMENT  OF  COMMKRCF 

Washington,  DC.  20250 


November  2S,  1984 


Honorable  Mark  S.  Fowler 
Chairman 

Federal  Communications  Commission 
Washington,  D.C.  20554 

Dear  Mr.  Chairman: 

The  President  has  determined  that  separate*  international  communic  ations  satellite 
systems  art*  required  in  the  national  interest.  He  has  also  direc  ted  that  we  inform  the 
Federal  Communic  ations  Commission  of  criteria  necessary  to  ensure  the  United  States 
meets  its  international  obligations  and  to  further  its  telecommunic  ations  and  foreign  pol- 
icy interests.  Prior  to  final  authorization  by  the*  Commission  of  any  systems,  to  assure  that 
the  United  States  meets  its  obligations  as  a Party  to  the  Agreement  Establishing  the* 
International  Telecommunications  Satellite  Organization  (INTELSAT)  (TIAS  7552): 

( 1 ) each  system  is  to  be  restricted  to  providing  services  through  the*  sale*  or  long-term 
lease  of  transponders  or  space  segment  capacity  for  communications  not  inter- 
connected with  public-switched  message  networks  (except  for  emergence  restora- 
tion service);  and, 

(2)  one  or  more  foreign  authorities  arc*  to  authorize  use*  of  each  system  and  enter  into 
consultation  procedures  with  the*  United  States  Party  under  Article  XIV(d)  of  the 
INTELSAT  Agreement  to  ensure  technical  compatibility  and  to  avoid  significant 
economic  harm. 

The  President’s  determination,  its  conditions,  and  these  criteria  are  premised  on  our 
review  of  the  issues  prompted  by  the  applications  now  before*  the  Commission.  If  propos- 
als substantially  different  are  forthcoming,  further  Executive  Branch  review  may  be 
required. 

The  Commission  should  afford  interested  parties  an  opportunity  to  submit  timely  com- 
ments on  the  pending  applications  in  view  of  these  Executive  Branch  recommendations. 
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A inomoraiulum  of  law  coikt Tiling  Arndt*  XIV  of  tho  INTELSAT  Agroemont  is 
onclosod. 


Si  net*  roly, 

| hand-signed:  "George  I>.  Shultz”]  | hand-signed:  “Malcolm  Baldridgc”| 

Se<  retary  ol  Stale  Secretary  of  Commerce 

Endosure  . . . 


Chapter  Two 

Observing  the  Earth  From  Space 

by  Pamela  F.  Mack  and  Ray  A.  Williamson1 2 

Programs  that  apply  the  capabilities  of  space  technology  to  needs  suc  h as  telecom- 
munications and  Earth  observation  have  brought  society  many  concrete  benefits. 
However,  developing  projects  to  realize  those  benefits  has  not  been  easy,  particularly  for 
Karth  observations.  Applications  programs  have  neither  the  glamor  and  high-profile  polit- 
ical impact  of' human  spaceflight  not  the  well-organized  advoc  acy  community  of  the  space 
scientists.  NASA,  which  is  primarily  a research  and  development  agency,  has  had  an 
ambivalent  relationship  with  the  application  of  spac  e technology  to  Karth-bound  needs. 
While  the  space  agenc  y welcomes  opportunities  to  prove  its  value  in  concrete  ways,  it  rec- 
ognizes that  an  applications  program  that  has  completed  development  and  entered  the1 
operational  phase  must  usually  be  transferred  from  NASA  to  another  agency  or  to  a pri- 
vate' sector  user;  not  surprisingly,  NASA  staff  have  often  preferred  to  work  on  those  pro- 
grams that  do  not  have  to  be  “given  away.” 

Although  scientific  and  technological  feasibility  and  accomplishment  are  essential  to 
spac  e-  applic  ations,  they  are  only  part  of  the  story.  Tensions  between  NASA,  as  developer 
of  space  capabilities,  and  the  organizations  or  experts  who  actually  distribute  or  use'  the 
services  or  data  provided  by  applications  satellites  also  play  an  important  part  in  the  suc- 
cess or  failure  of  applications  programs.  To  give  a few  examples,  some*  sc  ientists  were  excit- 
ed about  the  data  that  meteorological  satellites  could  provide*,  but  their  enthusiasm 
played  a smaller  role  in  the*  origin  of  the  Television  Infrared  Operational  Satellite 
(TIROS),  the  first  meteorological  satellite  project,  than  did  military  needs.  The  Kennedy 
administration  created  the  Communications  Satellite  Corporation  (Comsat)  as  an  innov- 
ative wav  of  bringing  a new  form  of  international  telecommunic  ations  into  being,  but  tra- 
ditional communications  corporations  steadily  increased  their  role  in  satellite 
communications.-  NASA  predicted  large  benefits  from  crop  surveys  using  data  f rom  Earth 
re  source  sate  llite's,  but  agricultural  scie  ntists  took  a different  approach  to  using  the  data 
than  the  one  NASA  had  developed. 

This  broad  theme — that  different  players  have  different  goals  and  expectations — also 
has  been  played  out  in  specific  controversies  in  different  applications  projects.  Usually  at 
about  the  time  of  the  launch  of  an  initial  satellite,  programs  have  often  experienced  dis- 
putes over  whether  to  conduct  further  research  or  to  develop  an  operational  program 
immediately.  Knowing  that  the  research  satellite  would  set  much  of  the  pattern  for  their 
operational  program,  users  have  often  sought  more  control  over  the  initial  development 
of  an  applications  satellite  than  NASA  wanted  them  to  have.  Finally,  programs  have  suf- 
lered  f rom  major  controversies  over  the  proper  role  of  the  government  in  their  develop- 
ment and  operations.  Communications  satellite  systems  became  the  province  of  private 
industry,  but  only  after  a bitter  debate  concerning  whether  or  not  to  turn  the  fruits  of  gov- 
ernment research  over  to  private  profit.  Congress  in  the  early  1980s  rejected  in  no 


1.  The  authors  lhauk  Don  Blcrsch,  Russ  Kofflcr,  Rob  Masters,  and  Brent  Smith  for  providing  infor- 
mation and  Frank  Fden  for  his  review  of  a draf  t of  this  essay. 

2.  Communications  satellites  are  discussed  in  Chapter  One;  they  are  mentioned  in  this  chapter  only  in 
terms  of  their  relationship  to  Faith  observation  satellite  programs. 
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uncertain  terms  proposals  that  meteorological  satellites  be  commercialized.  The  debate 
about  turning  Earth  resource  satellites  over  to  private  industry  has  been  long  and  contro- 
versial, and  by  the  lime  privatization  occurred,  the  ITS.  system  had  fallen  behind  the  state 
of  the  art  in  important  aspects.  This  debate  also  contributed  to  the  slow  development  of 
commercial  remote-sensing  satellite  systems.  (The  “value-added”  business  for  data  from 
meteorological  and  land  remote-sensing  satellites  has  been  more  commercially  successful.) 

Meteorological  Satellites 

Today’s  widespread  familiarity  with  satellite  images  used  by  television  weather  fore- 
casters encourages  the  assumption  that  meteorological  satellites  were  an  eagerly  awaited 
breakthrough  in  the  technology  underpinning  weather  forecasts.  In  fact,  at  the  start  of  the 
space  age,  meteorologists  were  not  certain  satellite  data  would  prove  useful.  One  of  the 
pioneers  of  meteorological  satellites,  Harry  Wexler,  wrote  in  1954: 

To  predict  the  future  of  the  atmosphere , the  meteorologist  must  know  its  present  state — as 

defined  fry  the  three-dimensional  distribution  of  pressure,  temperature,  wind,  humidity.  . . . 

Kn ( firing  the  present  state  of  the  atmosphere  and  past  motions  of  the  storms  enables  a pre- 
diction to  be  made  l/y  extrapolation  and  other  techniques 

Wexler  pointed  out  that  a satellite  could  provide  only  a “bird’s  eye”  view,  not  the 
three-dimensional  data  meteorologists  needed.  Therefore,  a satellite  would  “serve  princi- 
pally as  a ‘storm  patrol.’”1  [ 1 1- 1 j A warning  of  a severe  storm  obviously  would  be  of  great 
practical  value,  but  most  of  the  practice  of  meteorology  addressed  more  routine  situa- 
tions. A meteorologist’s  desire  for  three-dimensional  measurements  of' many  variables  was 
one  of  the  arguments  for  developing  more  sophisticated  weather  satellites  in  the  1960s 
and  1970s. 

Because  the  value  of  gathering  weather  data  from  satellites  was  not  immediately  obvi- 
ous to  civilian  meteorologists,  early  meteorological  satellite  proposals  emphasized  military 
uses.  Ground  stations  anti  hurricane  patrol  airplanes  provided  acceptable  storm  warnings 
for  the  continental  United  Stales  and  nearby  waters,  but  the  Navy  needed  storm  warnings 
in  whatever  remote  areas  ships  might  be  operating,  and  the  Air  Force  had  similar  needs 
for  worldwide  forecasts. 

Planning  for  a ITS.  space  program  began  with  a 1946  Project  RANI)  report  titled 
“Preliminary  Design  of  an  Experimental  World-Circling  Spaceship.”'1  This  report  empha- 
sized various  military  applications  of  a satellite;  it  noted  that  “perhaps  the  two  most  impor- 
tant classes  of  observation  which  can  be  made  from  such  a satellite  are  the  spotting  of  the 
points  of  impacts  of  bombs  launched  by  us,  and  the  observation  of  weather  conditions 
over  enemy  territory.”"  In  the  section  of  the  report  discussing  the  scientific  uses  of  a satel- 
lite, the  authors  commented  that  observations  of  cloud  patterns  “should  lx*  of  extreme 
value  in  connection  with  short-range  w eather  forecasting,  and  tabulation  of  such  data  over 
a period  of  time  might  prove  extremely  valuable  to  long-range  weather  forecasting.”7 


A.  l)r.  Hurry  Wexler,  “Observing  the  Weather  from  a Satellite  Vehicle,”  Journal  of  the  British  Interplanetary 
Snarly  7 (September  1954)  289-78;  see  Document  N-l. 

4.  thirl. 

5.  Kor  the  history  of  Rand's  role  in  early  space  planning,  see  Merton  K.  Davies  anti  William  R.  Harris. 
RAND's  Rolr  in  the  Evolution  of  Balloon  and  Satellite  Observation  Systems  and  Related  t.S.  Spare  Technology  (Santa 
Monica,  CA:  The  RAND  Corporation,  1988). 

8.  Douglas  Aircraft  Company,  Inc.,  "Preliminary  Design  of  an  F.xper amenta!  World-Circling 
Spaceship,”  Report  No.  SM  11827,  May  2,  194b,  p.  1 I.  Space  Policy  Institute  Documentary  History  Collet  lion, 
Washington,  DC. 

7.  Ibid.,  p.  13. 
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Later  RANI)  studies  sought  to  tackle  the  problem  of  whether  cloud  images  alone 
would  l)e  of  much  benefit  to  meteorologists.  An  April  1951  RANI)  report  tilled  ‘inquire 
into  the  Feasibility  of’  Weather  Reconnaissance  from  a Satellite  Vehicle"  considered 
whether  the  data  meteorologists  wanted  could  be  derived  from  cloud  images.  [11-2|  The 
report  staled  tin*  following: 

It  is  of  win  us  that  in  observing  the  weather  through  the  “eye*  of  a high-altitude  robot  almost 
ail  of  the  regular  quantitative  measurements  usually  associated  with  meteorology  must  fall  fry 
the  wayside.  It  is  impossible  Iff  make  more  than  an  intelligent  guess  at  the  values  of  temper- 
ature, pressure , humidity , and  the  remaining  quantitative  meteorological  parameters.  . . . 

( '.loads,  being  the  objects  most  easily  discernable  / sicj  from  extremely  high  altitudes , become 
the  important  item  and  must  be  utilized  to  the  utmost  in  forming  a synoptic  picture.  It  is 
apparent  that  from  clouds  ( done  it  will  be  impossible  to  tell  ex >erythiug  about  the  current  syn- 
optic situation . Combined , however,  with  both  theoretical  knowledge  and  that  gained 
through  experience , accurate  cloud  analysis  can  produce  surprisingly  good  results ,s 

Starting  in  1917  with  imagery  taken  from  V-2  rockets  fired  at  White  Sands,  New 
Mexico,  scientists  sought  to  classify  clouds  and  to  deduct*  weather  parameters  from  his- 
torical data  and  cloud  patterns.  They  judged  their  results  to  be  quite  successful,  but  they 
argued  that  new  approaches  would  bo  needed  to  make  the  best  use  of  the  data.  For  exam- 
ple, they  wanted  a new  method  of  classifying  clouds,  rather  than  tin*  traditional  classifica- 
tion method  based  solely  on  appearance.1’ 

An  analysis  of  similar  images  by  the  Naval  Research  Laboratory  a few  years  later  pro- 
vided more  evidence  of  the  value  of  weather-related  observations  from  space.  For  exam- 
ple, Otto  Berg  discovered  that  images  taken  by  a Navy  Aeroboe  rocket  in  October  1954 
had  shown  a major  hurricane  in  the  Gulf  of  Mexico — a storm  that  then  hit  the*  United 
States  with  no  advance  warning  from  weather  stations.  He  argued  that  satellites  would  be 
immediately  useful  for  providing  storm  warnings.  Berg  suggested  that  “in  the  more  dis- 
tant fiat  tire*,  these  techniques  of  rocket  reconnaissance  will  be  applied  to  investigation  of 
other  meteorological  phenomena."1" 

The  first  weather  satellite  project,  TIROS,  resulted  not  just  from  the  perceived  use- 
fulness of  storm  warnings  but  also  from  the  existence  of  many  different  groups  in  the 
Department  of  Defense  (1)01))  that  wanted  a hand  in  space.  The  Air  Force  sponsored  a 
number  of  studies  to  explore*  technology  for  reconnaissance  satellites,  le  ading  eventually 
to  a development  contrac  t with  Lockheed  for  what  eventually  became  the*  Satellite 
Military  Observation  System  (SAMOS)  reconnaissance  satellite.  The  ROA  Corporation, 
one*  of  the*  unsuccessful  bidders,  then  approached  the  Army  Ballistic  Missile  Agency 
(ABMA)  with  a proposal  to  develop  a satellite  with  a television  camera  for  either  meteo- 
rology or  surveillance.S. * * * * *  11 12  The  ABMA  initiated  Project  Janus  to  test  ihe  television  concept 
for  the*  purpose  of  reconnaissance,  but  in  mid-April  1958,  DOl)  assigned  the*  sate  llite* 
reconnaissance  mission  e xc  lusively  to  the  Air  Force.  The*  ABMA  then  changed  the*  mission 
of  what  had  become  the  Janus  II  project  from  reconnaissance*  to  meteorology.11' 


S.  S.M.  Crern  field  and  WAV.  Kcllog,  “Inquiry  into  the  Feasibility  of  Weather  Reconnaissance  from  a 

Satellite  Veliii  It,  The  RANI)  Corporation,  R-505,  August,  I INK),  p.  I:  see  Document  1 1-2.  This  is  the  unclassified 

\etsion  of  RANI)  Report  R-21H,  April  11151. 

9.  Ibid.,  p.  22. 

10.  Otto  F.  Jicrg.  “High- Altitude  Portrait  of  Storm  Clouds,”  Offhe  tif  Navtii  Rrwmii  Rivinos,  September 

1955,  Space  Policy  Institute  Documentary  History  Collection.  Washington.  DC. 

II  Richard  f .cRny  Chapman,  “A  Case  Study  of  the  I S.  Weather  Satellite  Pi  ogiam:  The  Interaction  of 
Science  and  Politics,"  Ph  D.  Diss..  Syracuse  I'niyersitv,  1967,  pp.  20-2-4. 

12.  Ibid  , pp.  50-TV 
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III  Muy  1958,  Janus  II  was  transferred  within  1)01)  from  the  ABMA  to  the  Advanced 
Research  Projec  ts  Agency  (ARPA),  a new  organization  established  a lew  months  earlier 
and  intended  to  centralize  military  (and,  temporarily,  civilian)  space  research  under 
tighter  control  by  the  secretary  of  defense.  Alter  another  reconfiguration  to  lake*  advan- 
tage of  a larger  booster,  ARPA  changed  the*  name  of  the  project  from  Janus  II  to  TIROS 
(for  Television  Infrared  Observation  Satellite)  and  committed  funds  to  final  design  and 
construction  fora  planned  launch  in  the  summer  of  1959. 1 The  U.S.  Signal  Research  and 
De  velopment  Laboratory  at  Fort  Monmouth,  New  Jersey,  managed  a contract  with  ROA 
for  construc  tion  of  the  satellite. 

The  Civilian  Program 

NASA  took  over  the*  TIROS  project,  upon  its  c reation  later  in  1958,  with  the  under- 
standing that  the  space  agency  would  cooperate  with  the  Weather  Bureau.  1 lowever,  1)01) 
interest  in  weather  satellite  data  continued,  complic  ating  the  process  of  planning  an  oper- 
ational program.  Later  in  the  1 900s,  the  Air  Force  began  developing  a sepal  ate  Defe  nse* 
Meteorological  Satellite  Program  (DMSP)  to  meet  specific:  military  needs  for  data  to  sup- 
port its  operations.11  Farly  satellites  in  the  DMSP  differed  little  from  TIROS,  but  later  satel- 
lite's in  the1  program  provided  quantitative  radiometric  data  designed  specifically  to 
support  1)01)  requirements.  Civilian  meteorological  satellites  continued  to  be  used  by 
both  c ivilian  and  military  meteorologists;  the*  eventual  convergence  of  the  two  programs 
is  discussed  in  the*  next  section. 

In  July  1958,  alter  President  Dwight  1).  Eisenhower  had  decided  that  all  space  pro- 
grams that  were  not  clearly  military  should  be  transferred  to  the*  new  civilian  space  agenc  y, 
the  White  House  assigned  TIROS  to  NASA.  Arranging  the  actual  transfer  posed  difficul- 
ties because  the  program  was  so  far  along  in  its  development,  but  a numbe  r of  scientists 
and  engineers  agreed  to  move  from  1)01)  to  NASA  along  with  the*  project,  and  NASA 
arranged  for  the  Weather  Bureau  to  provide  research  support  in  meteorology.1  A trans- 
fer agreement  was  signed  in  April  1959.  [1 1-3) 

Despite  the  difficulties  of  the  transfer,  NASA  launched  the*  experimental  TIROS  I on 
April  1,  191)0 — -a  spin-stabilized  satellite  carrying  two  television  cameras.  The  results  gen- 
erated so  much  excitement  among  meteorologists  that  NASA  soon  set  up  a system  to 
transfer  the  resulting  cloud  cover  information  onto  standard  weather  maps  and  to  send 
them  to  weather  stations  and  to  the  military  services."1  Although  meteorologists  found 
satellite  data  difficult  to  integrate  into  the  forecasting  process,  because*  their  models 
required  data  on  temperature,  pressure,  and  wind  spe  ed  and  direc  tion,  they  found  that 
sate  llite'  images  showed  large-scale  weather  patterns  so  c learly  that  they  were*  immediately 
usef  ul.1  Satellites  also  demonstrated  their  value  for  storm  warning.  In  September  1 9<>  1 , a 
TIROS  satellite  helped  track  an  extremely  dangerous  hurric  ane*,  (larla,  bearing  down  on 
the  (iulf  Coast.  Warnings  led  to  the*  evacuation  of  more*  than  350,000  people.1"  Also  in 


IT  Ibid.,  ))}>.  !R>— 51,  til— ti‘2. 

11.  In  addition,  the*  highly  classified  CORONA  phototveonnaissance*  program  was  jointly  managed  l>\ 
tlte*  Air  force*  and  the*  (!e*ntral  Intelligence  Agctiey. 

15.  Chapman,  “A  Case*  Stndv.”  pp.  (iO-li-l. 

1 (>.  Janie  e*  Hill.  Weather  from  Ahux'e:  A turn  fa's  Meteorotofpeal  Satellites  (Washington.  1)0:  Smithsonian 
Institution  Press,  UW1).  pp.  *)—  I <». 

17.  for  a discussion  ol  the  resistance  of  meteorologists  to  the*  use  ol  satellite  data,  sec  Margaret  file*en 
Contain.  "Technology  Reconciliation  in  the*  Remote-Se  nsing  fra  of  the  l nited  States  Chilian  Weather 
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September  1 96 I,  a fully  developed  hurricane,  Esther,  was  located  through  satellite  images. 
I his  was  the*  first  hurricane  to  be  identified  by  a satellite  before*  being  observed  by  then- 
conventional  means. 

hven  before  these  successes,  the*  usefulness  of  the  TIROS  satellites  led  to  pressure  to 
transform  tlu*  experimental  project  into  an  operational  system.  To  address  this  issue, 
NASA  c alled  together  an  interagency  Panel  on  Operational  Meteorological  Satellites  in 
October  I960.  Disagreements  over  the  future  of  the  program  quickly  appeared.  The 
Weather  Bureau  sought  more  control  than  NASA  wanted  to  give  up;  it  asked  for  complete 
authority  over  the*  operational  system,  inc  luding  launching,  data  retrieval,  and  final  deci- 
sions on  the  design  of  new  operational  satellites.  [ 1 1-4 ] 

1 he  panel  issued  a compromise*  plan  in  April  1961  calling  for  a national  operational 
meteorological  satellite  system  (based  on  a second-generation  satellite*  already  under 
development  by  NASA)  to  be  managed  by  the  Weather  Bureau. 1,1  This  plan  did  not  go  as 
far  as  the*  We  ather  Bureau  had  originally  proposed;  NASA  would  maintain  control  of 
launch  services  and  ground  support  and  would  develop  and  procure*  spacecraft  under 
contract  to  the*  Department  of  Commerce  (of  which  the*  Weather  Bureau  was  a pari). 
President  Kennedy’s  May  25,  1961,  speech  to  Congress  titled  “Urgent  National  Needs,”  in 
which  fie  urged  funding  a program  to  land  an  American  on  the  Moon  before  the*  e nd  of 
the*  decade*,  also  requested  f unds  to  put  the  weather  satellite  plan  into  operation.  ( longress 
approved  the  funding  Kennedy  had  requested,  despite  continuing  controversy  over  what 
would  be*  the  be*st  division  of  responsibility  between  NASA  and  the*  Weather  Bure  au  for 
operating  the  system. Jn 

Meanwhile,  NASA  was  working  on  the  second-generation  meteorological  satellite. 
Nimbus,  as  a prototype  for  tin*  operational  system.  Nimbus  was  a more*  sophisticated 
spacecraft  than  TIROS — stabilized  so  that  it  always  pointed  toward  the*  Barth  rather  than 
continuously  rotating.  It  was  to  be  launched  into  a Sun-synchronous  polar  orbit  so  that  it 
could  colled  data  from  the  whole*  Karth  at  the  same*  local  time*  each  day.  The  sate  llite* 
would  carry  not  only  more  sophisticated  television  cameras,  but  also  a high-resolution 
infrared  radiometer  that  used  thermal  infrared  sensors  to  map  temperature.  (A  simpler 
experimental  sensor  of  the  same  type  had  been  carried  on  later  TIROS  flights.)  Plans  for 
Nimbus  also  included  a variety  of  more  sophistic  ated  sensors — most  significantly,  sound- 
ing instruments  providing  data  that  could  be*  used  to  determine*  temperatures  at  various 
levels  in  the*  atmosphere*.’1  These  new  instruments  reflected  the  efforts  of  NASA  sc  ie  ntists 
to  meet  the*  continuing  demand  from  research  meteorologists  for  basic  numerical  data  in 
addition  to  cloud  images.  " 

While*  researchers  wanted  the*  more  sophisticated  data  Nimbus  would  provide,  the* 
Weather  Bureau  became  concerned  about  its  increasing  cost  and  delays  in  launch.  NASA 
and  the  We  ather  Bureau  also  had  differing  perspectives  on  what  decisions  should  be  made 


hK  I S.  National  Coordinating  Commit U*<*  for  Aviation  Meteorology,  Pam*)  of  Operational 
Meteorological  Satellites,  Ulan  fur  a National  Operational  Meteorological  Satellite  System  (Washington,  DC:  C.S. 
( >o\et  innent  Printing  Ollier,  1 f M>  1 ) . 
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Ctvdtan  Spare  Urograms:  Volume  //,  Applications  Satellites,  report  prepared  lor  the  Subcommittee  on  Space  Science 
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21.  Chapman,  “A  Case  Studs,”  p.  11)1. 

22.  Indeed,  the  Nimbus  series  continued  through  Nimbus  7 and  provided  the  basic  inhu  mation  need- 
ed to  develop  later  research  satellite  systems,  including  the  l pper  Atmosphere  Research  Satellite  and  the  Karth 
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Planet  Karth,”  K<  )S,  Transactions,  American  (ieophysitaf  Union  71  (June  2d.  IddlV):  281, 28a. 
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about  tlu*  operational  system  and  on  which  agency  should  make  them.'-*  This  became  a 
serious  problem  as  NASA’s  plans  for  Nimbus  increasingly  diverged  from  Weather  Bureau 
priorities.  NASA  had  agreed  to  extend  the  TIROS  program  from  the  original  two  satellites 
to  ten  so  as  to  provide  continuous  data  for  those  users  who  already  depended  on  the  data, 
but  delays  in  the  Nimbus  program  still  created  the  likelihood  of  gaps  in  (overage.  The  pos- 
sibility of  experiencing  a period  of  months  with  no  meteorological  satellite  data  available 
particularly  worried  DOD. Jt  Critics  also  raised  questions  about  the  reliability  of  Nimbus 
because  it  constituted  such  a large  leap  in  sophistication  over  TIROS.  In  addition,  the 
predicted  annual  cost  of  an  operational  system  based  on  Nimbus  had  nearly  doubled  since 
the  original  plan  had  been  submitted  to  Congress.*  The  Weather  Bureau  would  be 
responsible  for  funding  the  operational  system,  but  it  was  a small  agency  with  a limited 
budget  and  with  little  chance  of  getting  that  budget  expanded  substantially.-7 

Bv  the  late  summer  of  1963,  dif  ferences  between  NASA  and  tin*  Weather  Bureau  had 
hardened  into  an  impasse.-*  On  September  27,  1963,  the  Weather  Bureau  notified  NASA 
that  it  was  pulling  out  of  existing  interagency  agreements  and  pursuing  an  interim  oper- 
ational satellite  system  based  on  TIROS  technology.  The  Weather  Bureau  was  able  to  make 
such  a stand  only  because  it  had  found  a partner;  1)01)  had  agreed  to  provide  launch  ser- 
vices for  the  operational  TIROS  system  the*  Weather  Bureau  wanted.*1 

As  a result,  NASA  found  itself  in  a weak  position.  The  space  agency  could  not  justify 
developing  advanced  satellites  for  a user  that  did  not  want  them,  and  it  could  not  afford 
to  have  1)01)  as  a competitor  in  providing  launch  services  for  civilian  satellites.  NASA 
compromised  and  agreed  to  give  the  Weather  Bureau  a larger  voice  in  shaping  tlu*  next- 
generation  meteorological  satellite  system.  The  compromise  resulted  in  derisions  to  build 
a TIROS  Operational  System  with  funding  provided  by  the  Weather  Bureau,  to  continue 
the  Nimbus  program  on  a purely  experimental  basis,  and  to  sign  a new  formal  agreement 
for  cooperation  between  the  two  agencies.  [II-5] 

The  agreement  c alled  for  NASA  to  develop  and  launc  h the  initial  version  of  any  new 
instrument  or  spacecraft  and  for  the  Weather  Bureau  to  provide  funding  for  operational 
versions.  This  agreement  remained  in  fort  e until  1982,  when  NASA  decided  to  withdraw 
from  providing  operational  improvements  as  a continuing  obligation.  At  that  time,  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA),  the  successor  agency  to  the 
Weather  Bureau,  assumed  responsibility  for  development,  as  well  as  operation,  of  all  c ivil- 
ian meteorological  satellites.  The  agency  lacked  tlu*  capability  and  funding  necessary  for 
such  development,  and  eventually  it  returned  to  informal  and  then  formal  cooperation 
with  NASA. 

The  satellites  of  the  TIROS  Operational  System  (renamed  KSSA  1 through  9 *'  after 
launch)  were  less  capable  than  Nimbus,  but  they  did  involve  significant  improvements 
over  the*  original  TIROS  satellites.  Some  of  these  spacecraft  used  a higher  resolution  cam- 
era first  tested  on  Nimbus.  Others  provided  real-time  data  to  users  around  the  world 
through  tlu*  Automatic  Picture  Transmission  system  developed  for  Nimbus,  but  first  test- 
ed on  11  ROSA  III  in  1961. 


25.  [arm  s K.  Webh  to  J.  Herbert  1 iollomon,  June  28,  19C>2.  with  attached  memo:  At >i  aham  Mvatt  In  the 
Administrator.  "Weal tier  Bureau  Plan.  June  25,  1962.  Spate  Polity  Institute  Documentarv  Hisiorv  Collection. 
Washington,  IK I. 

24.  Chapman.  "A  Case  Study  pp.  155-71. 

25.  Ibtd..  pp.  210-1  I. 

26.  Ibid.,  p.  I <12. 

27.  Ibid.,  pp.  217-2*4. 

28.  Ibid.,  pp.  229-12. 

29  Ibid.,  pp.  244-59. 

50.  The  Weather  Bureau  had  become  part  ol  <i  new  organi/aliou.  die  \-  uv iroinnrntal  Science  Services 
Administration  (KSSA),  established  on  [ulv  15.  191)5. 
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Once*  they  had  made  dec  isions  about  the  scope  of  the  initial  operating  system,  NASA 
and  the  Weather  Bureau  were  more  free  to  think  about  experimental  satellites  to  test  out 
new  instruments  that  might  be  incorporated  into  future  generations  of  operational  satel- 
lites. Nimbus  1,  launc  hed  April  28,  1964,  experienced  a number  of  problems  and  operat- 
ed for  only  a month;  Nimbus  2,  launched  May  15,  1966,  was  much  more  successful,  testing 
out  improved  cameras.  NASA  also  tested  meteorological  satellite  technology'  as  part  of  the 
Applications  Technology'  Satellite  (ATS)  project  to  orbit  experimental  geosynchronous 
satellites  (used  for  communications  experiments  as  well  as  meteorological  ones).  In 
December  1966  and  November  1967,  ATS-1  and  -3  explored  the  possibility  of  observing 
weather  with  line  scan  imagers,  a possibility  conceived  by  Vernon  Soumi,  a professor  at  the 
University  of  Wisconsin;  the  resulting  continuous  coverage  (images  of  the  full  Karth  disc 
every  thirty  minutes)  proved  extremely  valuable  for  tracking  storms  and  even  showed 
short-lived  cloud  patterns  correlated  to  tornadoes.*1  Continuous  coverage  from  geosyn- 
chronous orbit  made  it  possible*  to  observe  the  motion  of  clouds  and  deduce  wind  speed 
at  the  level  of  the*  clouds — a significant  step  toward  the  three-dimensional  quantitative 
data  meteorologists  wanted.  Three  other  satellites  in  the  series,  ATS-2,  -4,  and  -5,  also  car- 
ried meteorological  experiments,  but  all  suffered  launch  problems.*1'  ATS-6,  launched  in 
May  1974,  carried  a new  cloud-imaging  radiometer  along  with  a more  powerful  transmit- 
ter that  made  it  possible  lot  anyone  with  an  easy-to-build  ground  station  to  receive  the 
images.  4 

While*  the  A1S  program  tested  ideas  for  weather  satellite's  in  geosynchronous  orbit, 
the  Nimbus  program  continued  to  test  advanced  instruments  in  low-Earth  orbit,  with  five 
launc  hes  between  1969  and  1978.  Nimbus  3,  launc  hed  April  1969,  carried  five  new  sen- 
sors. These  inc  luded  the  first  sounding  instruments  using  remote  sensing  to  furnish  mea- 
surements of  temperature  and  other  variables  at  different  levels  of  the  atmosphere  for 
providing  numerical  data  for  climate  models.  The  sounding  instruments  on  Nimbus  3 
measured  temperature,  water  vapor,  and  ozone  content  of  various  atmospheric  levels; 
later  Nimbus  satellites  carried  sounding  instruments  to  measure*  other  variables.  The  sen- 
sors worked  well,  but  the  data  proved  much  less  useful  for  weather  prediction  than  scien- 
tists had  expected.  Meteorologists  had  hoped  that  data  on  temperature,  wind  speed,  and 
other  factors  could  be*  plugged  into  a model  of  how  the  atmosphere  worked  to  provide* 
weather  predictions.  Satellite  sounding  instruments  provided  much  of  the  data  needed 
with  reasonable  accuracy,  but  existing  climate  models  were  not  designed  to  assimilate 
these  data  easily.  Meteorologists  discovered  that  they  needed  to  perform  much  more 
research  before  they  could  use  data  acquired  by  satellite  to  improve  the  accuracy  of  weath- 
er predictions.41 

In  August  1966,  the  Weather  Bureau  stated  the  following  as  its  objectives  for  an  oper- 
ational satellite  system:  *‘(1)  |t]he  establishment  and  maintenance  of  a satellite  system  to 
obtain  global  observations  on  a regular  basis,  (2)  meteorological  observations  from  syn- 
chronous altitude,  and  (3)  global  observations  of  atmospheric  structure  needed  for 
numerical  weather  forecasting."  [II-6]  The  first  objective  was  met  by  continuing  improve- 
ments in  the  I IROS  series  of  low-altitude  satellites,  which  were*  flown  from  1966  to  1969. 


51 . I lie*  APS  cameras  provided  pictures  every  thirty  minutes,  compared  to  once  or  twice  a dav  from  die 
I IROS  Operational  System,  tor  a discussion  ot  the  usefulness  of  continuous  coverage,  sec  W.I..  Smith  el  at.,  “'Hie 
Meteorological  Satellite:  Overview  of  25  Years  of  Operation,”  Science 23 1 (January  51,  1985):  455-52. 

52.  Hill,  Weather  from  Atfove,  pp.  25-25,  29-52. 

55.  I hit  l . pp.  55-55. 

54.  James  O.  Fletcher  to  Stuart  Fi/enstat,  “Possible  Initiatives,”  February  Hi,  1977,  suggests  that  NASA 
hoped  that  sounding  instruments  would  lead  to  a major  new  research  initiative.  Pamela  F.  Mack,  “Cloudy 
Seeing:  Developing  New  Sensors  for  Weather  Satellites,”  paper  presented  at  the  Society  for  the  History  of 
Technology's  annual  meeting.  London,  England,  August  1995. 
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NASA  launched  an  Improved  TIROS  Operational  Satellite  (1TOS)  in  January  1970. 
Starting  in  1972  with  the  third  satellite  in  the  ITOS  series,  NASA  replaced  the  television 
cameras  that  had  been  carried  on  all  earlier  flights  with  a two-channel  scanning  radiome- 
ter providing  visible  and  infrared  imagery.*’  This  infrared  imagery  was  used  to  monitor 
nighttime  cloud  ('over  and  to  produce  sea-surface  temperature  maps.  I his  same  satellite 
(designated  NOAA-2)  carried  the  first  operational  sounding  instruments,  which  provided 
vertical  temperature  profiles  through  the  atmosphere.  These  instruments  provided  the 
data  needed  to  meet  the  third  of  the  objectives  established  in  1966.  Additional  improve- 
ments to  the  low-all  it  tide  satellites  made  in  the  late  1970s  resulted  in  the  TIROS-N  design, 
carrying  a finer  resolution  radiometer  and  sounder  as  well  as  a data  collection  platform 
and  a solar  energetic  particle  monitor.' 

ATS-1  and  -3  provided  data  to  meet  the  second  oflhe  1966  objectives,  but  budgetary 
constraints  delayed  the  operation  of  a geosynchronous  meteorological  satellite  system 
until  the  mid-1970s.  In  the  interim,  NASA  funded  two  prototype  Synchronous 
Meteorological  Satellites,  launched  in  May  1974  and  February  1975.  The  space  agency 
then  launched  the  first  Geostationary  Operational  Environmental  Satellite  (GOES)  on 
October  16,  1975.  Sounding  instruments  were  also  included  in  improved  GOES  satellites, 
starting  with  GOES-4  in  September  1980. 

While  NASA  developed  new  capabilities  for  meteorological  satellites  and  the  National 
Weather  Service  integrated  the  resulting  data  into  the  operational  weather  forecasting  sys- 
tem, budgetary  pressures  continued  to  grow.  The  Reagan  administration  wanted  to  trans- 
fer operational  space  systems  to  private  industry  to  cut  the  lcderal  budget.  In  eaily  1981, 
Comsat  proposed  taking  over  both  the  Landsat  (see  below)  and  the  meteorological  satel- 
lite systems;  of  ficials  in  the  Reagan  administration  responded  with  enthusiasm.  Congress, 
however,  disagreed  strongly  with  the  idea  of  privatizing  meteorological  satellites;  members 
argued  that  the  government  properly  provided  weather  forecasts  as  a public  good  and 
therefore  should  retain  control  of  the  production  of  meteorological  satellite  data.*  Tate 
in  1 985,  Congress  passed  and  President  Reagan  signed  an  appropriations  bill  that  includ- 
ed a specific  prohibition  against  the  sale  of  the  meteorological  satellite  system  to  private 
industry. However,  the  issue  of  charging  users  for  weather  satellite  data  arose  again  in  the 
1990s  as  a result  of  cooperative  programs  with  other  countries  that  took  such  an  approach. 

Clearly,  the  balance  among  technological  possibilities,  user  needs,  and  financial  limi- 
tations shaped  not  only  the  origins  but  also  the  continuing  development  of  the  meteoro- 
logical satellite  system.  Weather  forecasts  improved,  although  not  as  much  as 
meteorologists  had  predicted  when  they  looked  forward  to  the  new  capabilities  various 
satellite  technologies  would  provide.  Part  of  the  problem  was  that  the  path  from  a good 
idea  to  its  incorporation  into  the  operational  system  was  inevitably  slow  and  iocky. 
Probably,  however,  the  more  important  factor  was  that  predicting  weather  was,  and  con- 
tinues to  be,  a problem  of  much  greater  complexity  than  scientists  had  anticipated. 


35.  The  first  TIROS  satellite  was  an  operational  prototype;  subsequent  satellites  in  the  series  were  to  be 
renamed  KSSA  10.  11,  and  so  on,  after  launch.  However,  the  new  National  Oceanic  and  Atmospheric 
Administration  replaced  KSSA,  and  the  satellites  were*  named  NOAA.  It  is  at  this  point  that  the*  Weathci  Bui  can 
was  renamed  the  National  Weather  Service. 

36.  Hill.  Weatfai from  Ahtnw,  pp.  37-38. 

37.  Ibid. , pp.  49-51. 

3N.  Press  Release,  Senate  Commerce,  Science  and  'Transportation  Committee,  September  20,  1983; 
“Weather  Satellites,"  Concessional  Record,  S.  14307,  October  20,  1983;  “Transfer  of  Civil  Meteorological 
Satellites,”  Concessional  I Word,  111  9812-9822,  November  14,  1983.  See  also  1 till.  Weather  from  Above,  p.  60. 

39.  Olfice  of’ Technology  Assessment.  C.S.  Congress,  “Remote  Se  nsing  and  the  Private  Sector:  Issues  for 
Disc  ussion."  I'rrhnofogiral  Memorandum  ( Marc  h 1984  ):  22. 


Kxm>RiN(;  nn  Unknown 


163 


Converged  Polar-Orbiting  Meteorological  Satellite  Systems 

Although  the  civilian  and  military  polar-orbiting  meteorological  satellite  programs 
have  followed  separate  paths,  there  have  been  several  attempts  to  bring  them  together 
over  the  years.  Officials  within  several  administrations  kept  hoping  that  a merged  system 
could  meet  the  requirements  of  both  NOAA  and  I)OI)  (because  each  had  a need  to 
acquire  imagery  of  clouds)  while  providing  an  overall  savings  to  the  government. 
However,  NOAA  and  1)01)  weather  systems  acquire  varying  kinds  of  data  at  different 
times  of  the  day  to  support  distinc  t types  of  uses.  For  example,  1)01)  is  interested  in  cloud 
image  data  acquired  in  the  early  morning  to  support  tactical  and  strategic  operations; 
NOAA  is  more  interested  in  atmospheric  soundings  in  the  early  afternoon,  which  the 
National  Weather  Service  feeds  into  its  predictive  weather  models.  Furthermore,  until  the 
1980s,  DMSP  data  were  not  shared  with  civilian  users. 

In  1973,  a national  space  policy  study  led  by  the  Of  lice  of  Management  and  Budget 
and  the  National  Security  Council*"  examined  the  liscal  and  policy  implications  of  con- 
ducting separate  1)01)  and  NOAA  operational  weather  satellite  systems.  This  study  based 
its  assessment  of  the  technical  feasibility  and  costs  of  a converged  system  on  NOAA,  NASA, 
and  1)01)  analyses,  concluding  that  no  option  could  maintain  performance  levels  and  also 
reduce  costs  signific  antly.  In  addition,  policy  concerns  regarding  the*  open  distribution  of 
weather  data  useful  to  potential  adversaries  argued  for  separate  programs. 11  The  1973 
review  did,  however,  result  in  the  Nixon  administration  directing  NOAA  to  use  the  DMSP 
Block  SI)  spacecraft  bus,  then  under  development  by  the  Air  Force,  as  the  basis  for  the 
next-generation  series  of  polar-orbiting  satellites.  In  addition,  NOAA  and  1)01)  were 
instructed  to  coordinate  more  closely  the  management,  of  the  separate*  programs. 

On  seven  other  oc  c asions  since  1972,  the  Department  of  Commerce  and  DOI)  stud- 
ied the*  potential  for  integrating  their  programs.  These  studies  did  not  lead  to  merged  pro- 
grams, but  they  did  result  in  a number  of  modest  economies,  including  the  use  of  similar 
spacecraft  with  numerous  common  subsystems  and  components.  In  addition,  both  pro- 
grams have  used  a common  launch  vehicle  and  have  shared  responsibility  for  creating 
products  derived  from  tlu*  data.  The  two  programs  have  also  worked  together  closely  on 
research  and  development  efforts  and  provided  complementary  environmental  informa- 
tion. Most  of  the  sensors,  howe  ver,  remained  under  the  design  and  control  of  each  agency 
(see  Table  II-l). 

Despite  these  efforts,  until  the  early  1990s,  foreign  policy  and  national  security  con- 
cerns precluded  full  program  integration.  By  that  time,  the  drive  to  reduce  the  federal 
budget  and  increase  government  efficiency  led  a number  of  observers  to  suggest  again 
consolidating  the  two  systems.  In  addition,  in  October  1992,  NASA  and  NOAA  had  begun 
to  explore  the  potential  for  consolidating  aspects  of  NOAA’ s Polar-orbiting  Operational 
Knviron mental  Satellite  (POLS)  system  and  NASA’s  Farth  Observing  System  satellite, 
KOS-PM.  The  latter  is  an  afternoon  equator-crossing  satellite  that  will  gather  data  similar 
to  the*  POKS  afternoon  satellite,  but  of  much  higher  quality  and  complexity. 


to.  ‘The  Meteorological  Satellite  Analysis  Study  (MSAS)."  Office  of  Management  and  Budget,  1971V 
This  study  was  begun  in  1972. 

41.  The  United  States  had  pledged  to  maintain  an  open  civilian  weather  satellite  system.  Also,  NOAA's 
environmental  satellites  demonstrated  the  U S.  “open  skies"  policy  and  satisfied  long-standing  U.S.  obligations 
to  exchange  Farth  data  with  the  meteorological  agencies  and  scientific  organizations  of  other  nations. 
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Table  II-l 

Key  Sensors  and  Priorities  for  NOAA’s  and  DOD’s  Polar  Meteorological  Programs 

Agency  and  Data  Acquired  Sensor  Attributes 


NOAA 

Multispec trill  imagery 
(cloud,  vegetal  ion) 

Temperature  and  humidity 
(initialize  numerical  weather 
prediction  model) 

non 

Visible  and  infrared  cloud 
imagery  (cloud-detec lion 
forecast,  tactical  imagery 
dissemination) 

Microwave  imagery  (ocean 
winds,  precipitation) 

Temperature  and  humidity 
(electro-optical  propagation, 
initialize  numerical  weather 
prediction  models) 


Advanced  Very  High 
Resolution  Radiometer  (AVHRR) 

TIROS  Operational  Vertical 
Sounder  (TOVS) 


Operational  Tinescan  System 
(OLS) 


Special  Sensor  Microwave  Imager 
(SSM/I) 

Spec  ial  Sensor  Mic  rowave./ 
Temperature  Sounder  (SSM/  1-1); 
Special  Sensor  Microwave/ 

Water  Vapor  Sounder  (SSM/T-2) 


Calibrated,  mullispectral  imagery 

High  spatial  resolution,  c ross- 
track  sc  anning  (PM  equator 
crossing) 

Constant  field  of  view;  low-light 
(early  AM  crossing) 


Conical  scan 

Low  spatial  resolution,  cross-track 
scanning 


Source:  Office  of  Technology  Assessment,  U.S.  Congress,  Civilian  Satellite  Remote  Sensing:  A 
Strategic  Approach , OTA-1SS-607  (Washington,  DC:  U.S.  Government  Printing  Office, 
September  1994),  p.  79. 


In  February  1993,  Representative  George  Brown,  then  chair  of  the  House  Committee 
on  Science,  Space,  and  Technology,  sent  a letter  to  NOAA  Administrator  I).  James  Baker, 
requesting  a review  of  the  NOAA  and  DOD  polar-orbiting  programs  to  explore  possible 
cost  savings.  [II-7]  As  a result  of  this  initiative  and  similar  interest  within  the  Clinton 
administration,  the  two  agencies  began  to  examine  the  two  programs  once  again.  A few 
months  later.  Senator  James  Exon,  chair  of  the  Senate  Subcommittee  on  Nuclear 
Deterrence,  Arms  Control  and  Defense  Intelligence,  sent  a similar  request  to  Commerce 
Secretary  Ron  Brown.  [11-8]  A report  of  the  U.S.  Congress  Office  of  Technology 
Assessment  also  offered  consolidation  of  the  two  programs  as  an  option  for  reducing  fed- 
eral spending.42 

By  July  1993,  the  two  major  convergence  studies  were  consolidated  into  a single  tri- 
agency study  involving  DOD,  NASA,  and  NOAA.  With  input  f rom  this  study,  by  September 
1993,  Vice  President  A1  Gore’s  National  Performance  Review  made  a firm  proposal  to 


12.  Ray  A.  Williamson,  "NASA's  Mission  to  Planet  Karth,"  Statement  before  the  Spare  Subcommittee  of 
tin*  House  Committee  oil  Science,  Space,  and  Technology;  May  b,  1993;  ITS.  Congress,  Office  of  Iechnology 
Assessment,  l he  Future  of  Remote  Sensing  Civilian  Satellite  Systems  amt  Applications,  OTA-ISC-548  (Washington,  DC: 
I S.  Government  Printing  Office, July  1993),  p.  lb. 
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integrate  the  two  systems.  |II-9|  1 his  proposal  estimated  that  the  government  would  save 
$500  million  through  the  year  2000  and  $1  billion  over  a decade  by  creating  a converged 
environmental  satellite  system.  The  National  Performance  Review  also  recommended  that 
NASA 


assist  in  ongoing  efforts  to  converge  U.S.  ofremtional  weather  satellites,  given  the  benefits  of 
streamlining  the  collection  of  weather  data  across  the  giwernment...  Iiy  considering 
l Mission  to  Planet  Earth l research  activities  in  context  with  operational  weather  satellite 
programs , cost  savings  are  possible  through  convergence  of  the  current  operational  satellite 
fleets . (convergence  of  the  National  Oceanic  and  Atmospheric  Administration  (NOAA) 
Polar  Metsat  and  NASA's  EOS-PM  (Earth  Observing  System  Afternoon  Crossing 
I Descending!  Mission)  will  eliminate  redundancy  of  measurements,  enhance  the  capability 
of  NOAA  s data  set  and  potentially  result  in  cost  sai>ings.  n 

After  further  study.  Vice  President  Gore’s  initial  proposition  resulted  in  a plan 
detailed  in  a May  1004  Presidential  Decision  Directive  (also  known  as  NSTC-2)  on  the 
“Convergence  of  U.S. -Polar-orbiting  Operational  Environmental  Satellite  Systems.” 
1 11-101  1 his  decision  directive!  called  for  an  Integrated  Program  Office  (IPO)  that  will  “be 
responsible  for  the  management,  planning,  development,  fabrication,  and  operations  of 
die  converged  system."  The  IPO  was  set  up  in  October  1994.  NOAA  gained  the  lead 
responsibility  for  operations,  with  DOD  leading  systems  acquisition  and  NASA  leading 
new  development  and  the  insertion  of  new  technologies. 

One  of  the  important  considerations  in  exploring  the  exact  terms  of  convergence  was 
prior  interest  at  NOAA  in  cooperating  more  closely  with  Europe  in  NOAAs  polar- 
orbiting  program.  Europe  had  been  contributing  instruments  to  NOAA  s POES  spacecraft 
since  1978.  During  the*  early  1980s,  the  Reagan  administration  attempted  to  reduce  the 
two-satellite  constellation  (one  morning-crossing,  one  afternoon-crossing)  to  a single  after- 
noon-crossing spacecraft.  NOAA  officials  became  extremely  concerned  that  maintaining 
only  a single  orbiter  would  greatly  reduce*  the  reliability  of  data  delivery.  Hence,  the  agency 
began  discussions  with  other  countries,  forming  the*  International  Polar  Orbiting 
Meteorologic  al  Satellite  Group  (I POMS)  to  promote  a more*  equitable  sharing  of  the  bur- 
den of  maintaining  polar-orbiting  meteorological  satellites.  Membership  in  IPOMS  includ- 
ed most  of  die  major  remote-sensing  satellite  operators.  Within  IPOMS,  the  European 
Space  Agency  (ESA)  together  with  the  newly  created  European  Organisation  for  the 
Exploitation  of  Meteorological  Satellites  (EUMETSAT)  expressed  interest  in  providing  a 
European  polar  orbiter  that  could  replace  one  of  NOAA’ s spacecraf  t.44 

Under  the  strategy  developed  during  the  1980s,  NOAA  planned  to  provide  several 
instruments  for  a European  orbiter,  which  would  replace  the  morning-crossing  NOAA 
satellite.  Originally,  this  satellite  was  to  be  a large  ESA  spacecraft  carrying  both  global 
change  research  instruments  and  operational  meteorological  instruments/'  By  1992,  this 
plan  had  evolved  into  one  in  which  Europe  would  orbit  two  spacecraft:  an  ESA  global 


1.V  Ollier  of  Vice  President,  National  Aeronautics  and  Spare  Administration,  AM.V.UA  (.Unify  tin 1 Objectives 
of  the  Mission  to  Vianet  Earth  hogmm.  in  Accompanying  Hefmrt  of  the  National  Vnjormance  Hei*iew  (Washington.  DC: 
Office  of  the  Vice  President,  September  1993). 

•11.  Minutes  of  the  Fourth  IPOMS  Plenary  and  First  Administrative  Working  Group  Tokyo,  Japan, 
November  12—  M.  1987,  IPOMS  Reports,  National  Knvirnnmenta!  Data  and  Information  System,  National 
()<r.mi<  and  Atmospheric  Administration,  1987,  Spare  Policy  Institute  Documentary  History  Collection. 
Washington,  DC. 

la.  1 his  spacecraft  was  originally  conceived  to  be  one  of  an  international  fleet  of  large  research  and 
operational  polar  orbiters,  launched  and  serviced  by  the  Spare  Shuttle.  With  the  loss  of  Challenger  in  January 
198b  and  the  subsequent  change  of  l !.S.  police  toward  the  use  of  the  Spate  Shuttle,  these  plans  were  abandoned'. 
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change  research  satellite,  Envisat,  and  a EUMETSAT  meteorological  operational  satellite, 
METOP.  NOAA  and  EUMETSAT  began  to  develop  explicit  plans  to  operate  the  METOP 
satellite  series  as  morning-crossing  spacecralt  carrying  three  U.S.  instruments:  the 
Advanced  Wry  High  Resolution  Radiometer  (AVHRR),  the  High-Resolution  Infrared 
Sounder  (HIRS),  and  the  Advanced  Microwave  Sounding  Unit.  On  May  b,  1991,  NOAA 
formally  invited  EUMETSAT  to  participate1  in  the  converged  U.S.  system.  [11-1  1,  11-121 
Under  the  convergence  plan,  by  about  2005  or  2007,  the  United  States  will  keep  two 
satellites  in  orbit  at  all  limes:  a polar  orbiter  that  will  cross  the  equator  early  in  the  morn- 
ing to  obtain  early  cloud  data  of  particular  interest  to  DO I)  and  an  alternoon-crossing 
orbiter  that  will  provide  the  atmospheric  soundings  that  the  National  Weather  Service 
needs  to  support  data  inputs  to  its  predictive  models.  METOP-1  will  cross  the  equator  in 
the  late  morning  to  collect  data  of  particular  interest  to  EUMETSAT’s  European  data 
users. 

One  important  issue  that  had  to  be  decided  was  the  data  policy  for  METOP.  In  keep- 
ing with  its  long-standing  U.S.  data  policies  articulated  in  Office  of  Management  and 
Budget  Circular  A- ISO,  the  United  Stales  has  insisted  that  data  from  its  sensors  not  be  con- 
trolled even  if  they  fly  on  the  spacecraft  of  other  nations. 1,1  In  keeping  with  its  data  policy. 
EUMETSAF  wishes  to  control  the  data  from  the  satellite  to  assure  that  the  countries  bene- 
fitting  from  the  system  contribute  to  its  f unding.  On  the  other  hand,  the  United  States  wants 
the  power  to  deny  data  delivery  to  an  adversary  in  times  of  crisis  or  war. 

The  three  U.S.  agencies  will  need  the  long  period  between  the  convergence  decision 
and  operational  status  of  the  system  to  resolve  several  technic  al,  programmatic,  and  insti- 
tutional issues: 

1.  Developing  new  sensors  and  spacecraft.  Because  DOD  and  NOAA  have  diffeient  data 
requirements,  it  will  be  challenging  to  meet  all  the  primary  data  requirements  and 
still  reduce  program  costs.  The  IPO,  for  example,  may  find  it  difficult  to  satisfy  DOIVs 
need  for  images  of  constant  resolution  across  the  field  and  maintain  the  radiometric 
quality  that  NOAA  desires.  NOAA  also  has  a requirement  for  sounding  data  of  high- 
er quality  than  DOIVs. 

2.  Incorporating  new  capabilities  in  operational  sensors.  NASA’s  involvement  in  the  integrat- 
ed program  could  lead  to  interesting  opportunities  to  incorporate  improved  sensors 
or  new  data  types  in  DOIVs  and  NOAA’s  operational  programs,  derived  from  experi- 
ence with  NASA’s  Mission  to  Planet  Earth  research  efforts.  However,  the  sensors 
designed  to  tackle1  research  problems  are  generally  much  more  expensive  and  capa- 
ble than  those  designed  for  routine  data  collection.  Hence,  making  the  transition  to 
operational  status  also  presents  special  challenges  to  designers  in  making  cheaper 
instruments  capable  of  meeting  operational  requirements.  Data  users  will  also  have  to 
adjust  their  operations  to  make  efficient  use  of  more  complex,  but  more  useful  data. 

5.  Maintaining  institutional  collaboration  among  L.S.  agencies.  I he*  three  agenc  ies  in  the 
IPO  have  worked  diligently  to  establish  a collaborative  working  relationship.  However, 
each  agency’s  budget  is  subject  to  radically  different  priorities  and  is  overseen  within 
the  Office  of  Management  and  Budget  by  different  examiners.  In  addition,  each 
receives  oversight  and  its  appropriation  from  different  congressional  committees  and 


t().  International  Spate  lamersiiy,  Toward  an  Intcgtatrd  International  thiia  Tolny  Tramnoork  ftn  hath 
Observations:  A Workshop  lief  tint,  ISl  / RKP/tl7/  I (lllkireh.  Frame:  International  Spate  Iniversitv,  January  \W~) 
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siif)('()ininitt ees.  Hence,  continued  progress  in  maintaining  the  11*0  will  depend  on 
die  determination  of  several  elements  of  the  administration  and  Congress  to  follow 
through  on  their  program  commitments. 

4.  Maintaining  dose  international  cooperation.  Cooperating  with  El  MKTS  AT  and  in  time 
possibly  other  nations  in  operating  a fleet  of  operational  environmental  satellites 
poses  additional  challenges  for  the  three  agencies.  EUMETSAT  policies  and  funding 
mechanisms  will  continue  to  be  driven  by  the  needs,  philosophies,  and  funding  mech- 
anisms of  its  member  weather  organizations,  which  are  likely  to  be  different  than 
those  of  the  IPO.  Maintaining  the  system  and  high-quality  data  delivery  over  time  will 
require  continued  flexibility  on  the  part  of  the  IPO  in  negotiating  system  upgrades. 
Adding  additional  organizations  to  the  system  will  further  complicate  such  negotia- 
tions, although  this  could  increase*  system  capability  and  further  reduce  U.S.  costs. 

Despite  these  challenges,  the  attempt  to  consolidate  NOAA’s  and  l)()l)’s  meteoro- 
logical programs  is  more  likely  to  succeed  than  past  efforts  because*  of  the*  confluence  of 
several  factors,  first,  continuing  pressures  to  maintain  reduced  agency  budgets  will 
encourage  agency  officials  to  continue  to  seek  program  efficiencies,  (lost  savings  are  also 
an  important  factor  in  resolving  possible  frictions  among  congressional  oversight  and 
appropriations  committees  over  programmatic  aspects  of  the  converged  system.  Second, 
earlier  plans  by  NOAA  ami  1)01)  to  upgrade  both  the  DMSP  and  POES  instruments  and 
spacecraft  shortly  after  the  turn  of  the*  century  will  support  technical  convergence.  Third, 
the  changed  international  security  environment  will  cause  DOI)  analysts  and  managers  to 
c ontinue  to  moderate  their  historical  objection  to  shared  military-c  ivilian  systems.  In  addi- 
tion, the  opportunity  to  involve  EIJMEISAT  and  perhaps  other  nations  or  organizations 
in  providing  environmental  data  could  further  reduce  overall  program  costs.  Finally, 
inc  luding  NASA  explicitly  in  the  partnership  provides  the  opportunity  to  plan  ongoing 
innovation  and  the  transition  of  research  instruments  built  in  support  of  NASA’s  Earth 
Science  ac  tivities  to  operational  status  for  the  converged  system. 


Earth  Resource  Satellites 

Far  tli  resource  satellite's  suffered  many  of  the  same*  kinds  of  controversies  in  their 
tr  ansition  from  rese  arch  to  operations  as  meteorological  satellite's,  with  worse  results.  Par  t 
of  the*  tension  over  this  transition  resulted  from  worries  about  whether  a program  to  col- 
lect images  of  the  Earth  for  c ivilian  purposes  would  threaten  the*  se  c recy  surrounding 
DOD's  reconnaissance  satellite  programs.  Another  more  important  source*  of  difficulty 
was  a fragmented  data  user  community;  the*  images  taken  from  Earth  re  source  satellites 
were  useful  for  geologists,  hydrologists,  agricultural  scientists,  city  and  regional  planners, 
geographers,  and  people  from  other  disciplines.  Yet,  a system  serving  all  these  disciplines 
was  unable  to  meet  the  needs  of  any  one  extremely  well.  Even  within  tlu*  federal  govern- 
ment, two  agencies  with  different  interests,  the  Department  of  the  Interior  and  the 
Department  of  Agriculture,  sought  to  shape  the  program.  Another  problem  was  that 
Faith  resource  satellite  projects  started  later  than  meteorological  satellites.  With  a first 
launc  h in  1972,  the  Earth  resource*  satellite  program  began  only  after  enthusiasm  for 
Apollo  had  waned;  at  this  point,  NASA’s  budget  was  subject  to  much  more  intense  scruti- 
ny from  the1  Office  of  Management  and  Budget  and  Congress. 
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Research  Program 

The  idea  lor  a civilian  Earth  resource  satellite  had  two  sources.  DOl)  had  an  active 
reconnaissance  satellite  program  growing  out  of  experience  with  reconnaissance  aircraft 
dating  back  to  World  War  I.  Scientists  who  investigated  new  technology  for  the  classified 
reconnaissance  program  often  had  training  in  geology  or  geography,  and  they  saw  much 
potential  for  civilian  use  of  the  classified  data  they  studied.  In  addition,  NASA  hired  sig- 
nificant numbers  of  geologists  to  prepare  the  scientific  program  for  Apollo,  and  some  of 
them  became  interested  in  looking  at  the  Earth  as  well  as  the  Moon  from  space.'7  In  1965, 
NASA  started  to  investigate  the  potential  of  studying  Earth  resources  from  space  using 
instruments  flown  in  its  own  aircraft.  [11-131  1 he  space  agency  wanted  to  involve  the  L.S. 
Geological  Survey  (a  branch  of  the  Department  of  the  Interior)  and  the  Army  Corps  of 
Engineers  in  remote-sensing  research. 

NASA  proceeded  slowly,  testing  a variety  of  sensors  from  aircraft  before  planning  an 
experimental  satellite.  In  a pattern  similar  to  the  debate  over  Nimbus,  the  space  agency  s 
initial  plans  for  Earth  resource  satellites  called  for  a large,  sophisticated  experimental 
satellite.  [ II- 1 4 J Meanwhile,  scientists  at  the  Department  of  the  Interior  had  become  con- 
vinced of  the  value  of  satellite  data  for  applications  and  wanted  an  early  operational  satel- 
lite instead  of  elaborate  experiments.  [11-15]  Impatient  with  NASA’s  lack  of  action,  a 
group  of  scientists  at  the  U.S.  Geological  Survey  persuaded  Secretary  of  the  Interior 
Stewart  E.  Udall  to  announce  in  September  1966  that  the  Department  of  the  Interior 
would  start  its  own  operational  satellite  program.™  [11-16]  When  the  Weather  Bureau 
pulled  out  of  its  meteorological  satellite  agreement  with  NASA,  it  made  an  alternative 
alliance  with  DOD.  The  Department  of  the  Interior,  on  the  other  hand,  was  unable  to  find 
a partner  with  space  expertise;  thus  its  announcement  was  more  a bureaucratic  maneuver 
than  a realistic  plan.  Nevertheless,  the  resultant  publicity  forced  NASA  to  commit  to  faster 
action  on  an  experimental  project  to  build  the  kind  of  small  satellite  the  Department  of 
the  Interior  wanted.4"  [11-17]  NASA  initially  called  the  project  the  Earth  Resources 
Technology  Satellite  (ERTS),  hut  it  changed  the  name  to  Landsat  in  1975.  General 
Electric  won  the  prime  contract  for  both  the  Nimbus  and  Landsat  programs,  and  the 
Nimbus  platform  that  had  been  developed  and  flown  by  NASA  was  also  used  for  Landsat. 

Many  problems  remained  after  the  agreement  on  what  kind  of  satellite  NASA  would 
build.  The  interested  agencies  continued  to  disagree  over  a variety  of  management  and 
technical  issues  and  over  the  proper  balance  between  an  experimental  and  an  operational 
program.'"1  The  Department  of  the  Interior  and  the  Department  of  Agriculture  wanted  dif- 
ferent kinds  of  sensors;  Interior  pref  erred  a re  turn-beam  vidicon  (a  type  of  television  cam- 


17.  Pamela  K.  Mark.  Viewing  the  Earth:  The  Social  Construction  of  the  Landsat  Satellite  System  (Cambridge*. 
M A:  MIT  Press.  1990),  pp.  31-42.  To  sec  how  an  Fai  th  observation  program  grew  out  of  research  on  the  other 
planets,  see  Peter  C.  Barigley,  “The  Applications  of  Remote  Sensors  in  Planetary  Exploration,"  paper  presented 
at  the  Third  Annual  Remote  Sensing  Conference,  Ann  Arbor,  Michigan.  Oc  tober  14,  1904. 

IS.  The  Department  of  the  Interior  called  its  program  F.artli  Resources  Observation  Satellites  (later 
Systems),  or  F.ROS. 

49.  W.T.  Pecora,  Director.  Geological  Survey,  to  I'ndcr  Secretary,  Department  of  the  Interior,  “Status  of 
F.ROS  Program.”  draft.  June  1 5,  1907,  Space  Polic  y Institute  Documentary  History  Collection,  Washington,  DC. 
For  more  details,  see  Mack,  Viewing  the  Earth,  pp.  50-65. 

50.  IVu-r  C.  Badglev.  Program  Chief,  Faith  Resources  Survey,  to  Distribution,  “Meeting  of  Earth 
Resources  I’ser  Agency  Representatives  with  Space  Applications  Staff  Members  and  Advanced  Manned  Missions 
Staff  Members.  April  20.  1967,"  Mav  4,  1907;  Jacob  E.  Smart.  Assistant  Administrator  lot  Polic  y,  NASA,  to  Dr. 
Seamans.  “Meeting  with  Representatives  of  Department  of  Agriculture  and  Interior  Faith  Resources." 
September  11,  1907,  with  a confidential  second  memo  of  same  subjec  t and  date:  Jacob  F.  Smart,  Assistant 
Administrator  for  Policy.  NASA,  to  Dr.  Mueller,  et  ah.  "Earth  Re  source  s Survey  Progi  am.”  October  3.  1967;  Edgar 
M.  Cort right  for  George  E.  Mueller,  Associate  Administrator  for  Manned  Space  Flight.  Memorandum  to 
Assistant  Administrator  lot  Policy,  "Earth  Resources  Study  Program,”  November  17,  1907;  Harry  J.  Goett  to 
Daniel  G.  Mazur,  December  3,  1907.  All  of  these  documents  can  be-  found  in  the  Space  Polity  Institute- 
Documentary  History  Collection.  Washington.  DC. 
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t-ra),  while  Agriculture  desired  a imiltispectral  scanner.  Both  sensors  involved  relatively 

untested  technolog)'/1  ir. 

Data  processing  and  distribution  provided  even  more  serious  challenges:  a satellite 

taking  pic  tures  of  the  entire  Earth,  even  at  a spatial  resolution  of  about  100  meters,  would 
quickly  produce  an  overwhelming  amount  of  data.  Ef  fec  tive  use,  particularly  coverage  of 
large-  areas  and  repeated  coverage  of  the  same  scene  to  observe  changes,  would  require 
analysis  by  computer  rather  than  by  a human  photointerpreter.  However,  technology  lot 
such  large-scale  image  processing  had  not  yet  been  developed  m the  civilian  world/ 

Budgetary  constraints  proved  even  more  serious  than  technical  problems,  facing 
declining  support  for  the  space  program  once  NASA  reached  its  Apollo  goal,  the  space 
agency’s  leaders  attempted  to  capitalize  on  the  usefulness  of  space  to  promote  applica- 
tions programs.'1  (11-18,  11-19, 11-20)  The  strategy  did  not  work;  the  Bureau  of  the  Budget 
repeatedly  deleted  the  ERTS  projec  t from  the  budgets  of  NASA  and  the  Department  of 
the  Interior.  1 11-21 1 In  fact,  the  strategy  of  promoting  usefulness  may  have  bac  kfired:  the 
Bureau  of  the  Budget  (Office  of  Management  and  Budget  after  1970)  repeatedly  asked 
NASA  t«  prove  that  the  benefits  of  Eandsat  would  exceed  the  costs.  NASA  sponsored  the 
required  studies  and  also  appealed  cuts  in  the  project’s  budget  directly  to  the  preside.it/ 
The  Department  of  the  Interior  obtained  funding  to  build  a data  processing  and  disttilr- 
ution  center  only  with  the  help  of  Republican  Senator  Karl  Mundt  of  South  Dakota. 
Senator  Mundt  had  become  a major  supporter  of  the  projec  t when  the  Department  o I le 
Interior  decided  to  locate  its  data  processing  center  in  Sioux  falls,  South  Dakota  I H-— 
Despite  all  the  discord,  the  first  satellite  proved  a technical  success.  NASA  launched 
Eandsat  1 oil  lulv  29,  1972,  and  scientists  quickly  found  many  uses  for  the  data.  Prior  to 
the  satellite’s  launch.  NASA  had  received  more  than  600  proposals  from  scientists  and  oth- 
ers requesting  funding  to  investigate  uses  of  data  from  the  satellites.  More  than  200  pro- 
posals from  ITS.  investigators  and  100  from  overseas  were  funded;  these  scientists  stood 
ready  to  use  Eandsat  data  as  soon  as  they  became  available. 

'[  he  use  ol  Eandsat  data  raised  a number  of  issues.  Developing  countries  had  initially 
worried  about  the  misuse  of  data  gathered  without  their  consent,  but  when  satellite  data 
began  to  arrive,  they  f ound  it  of  considerable  value  in  providing  information  on  areas  that 
were  inadequately  mapped.  1 11-23]  Despite  these  benefits,  debate  ccmtu.u«l  over  inter- 
national political  and  legal  issues  associated  with  remote  sensing.  [11-24]  Eandsat  data 
proved  usef  ul  to  scientists  of  many  sorts,  for  everything  from  searching  for  oil  to  mapping 
icc.  " Yet  unlike  meteorological  satellites,  whose  data  proved  more  useful  to  weather  lore- 
casters  than  to  researc  h scientists  building  models,  Eandsat  data  were  quickly  usc-d  by 
researchers,  and  muc  h more  slowly  such  data  found  widespread  operational  use-.  NASA 


r,  1 . Mark.  V.nvmg  Ih r Krcrtfc,  pp.  66-79.  NASA  was  not  allowe  d to  use  belter  tested  technology  that  had 

been  developed  for  reconnaissance  satellites.  10(;7  « 

52.  Badglcy  to  Distribution,  "Meeting  of  Earth  Resource*  User  Agency  Representatives.  April  20.  1 ' • 

VI, iv  1 Mark,  Viewing  the  Earth,  pp.  107-1 8. 

Vi  leonard  Jall'r  to  the  Record,  “Commentary  Delivered  by  Mr.  le.mard  Jaife  at  the  An  lie  I lou. 
Planning  Seminar,  June  1966,” July  8,  I960,  Sparc  Policy  lnstitc.ee  Documentary  History  Collccnon.  Washington. 

,M  54  Mark,  Viewing  the  Harlh.  pp.  80-93.  This  issue  continued  even  alter  launch  See  PaulA.  Vanclcr  Myde 
. , vi  | ow  February  25,  1975.  Spare  Policy  Institute  Documentary  History  (a.lleetcon,  Washington  IM 

55  Prerelease  from  the  office  of  Senator  Karl  E.  Mundt,  March,  SO.  .970,  Space  Pohcy  Inst.tme 
Documentary  History  Collection.  Washington,  DC;  David  I..  Stcnscth,  “EROS-1  he  l ocal  Story,  11)1:1.  l-.a,lh 

I'ruk  l dune  1*)74):  4-5;  Mac  k,  Vinoing  the  Earth,  pp.  132-45. 
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hulustrv  Representatives/  November  12,  1973;  Charles  D.  Centers  to  Mathews.  February  la,  3/3.  Both  docu- 
ments are  located  in  the  Spac  e Policy  Institute  Doc  umentary  History  Collec  tion.  Washington,  DC. 
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Uadets  discovered  thal  il  the  space  agency  did  not  find  ways  lo  convince  potential  users 
to  apply  the  data,  then  the  project  would  not  bring  the  benefits  promised.’7  [11-25] 

NASA  therefore  became  involved  not  only  in  promoting  the  use  of  Landsat  data  but 
also  in  supporting  research  to  develop  approaches  to  their  use.  One  major  project 
involved  agricultural  surveys,  because  better  prediction  of  harvests  was  one  use  of  Landsat 
data  t hat  the  space  agency  had  predicted  would  br  ing  significant  benefits. H The  1 arge 
Area  Crop  Inventory  Experiment  (IACIK)  involved  NASA,  the  National  Weather  Service, 
and  the  Department  of  Agriculture  in  an  attempt  lo  develop  and  test  a crop  forec  asting 
system  using  Landsat  data.  The  data,  it  was  claimed,  could  provide  two  tilings:  informa- 
tion on  how  much  land  had  been  planted  in  a given  crop  (assuming  one  could  differen- 
tiate among  crops  in  the  data)  and  information  on  crop  health  (because  badly  stressed 
vegetation  reflected  less  infrared  light).  The  project  achieved  reasonable  success,  but  the 
problem  of  identifying  and  differentiating  crops  from  satellite  imagery  turned  out  to  be 
much  more  difficult  than  expected.’’  [II-2(>]  Furthermore1,  the  Department  of  Agriculture 
chose*  not  lo  adopt  the  system  developed  by  the  LACIE  project  for  operational  use.”’ 
Several  other  experiments  were  more  successful,  but  use  of  Landsat  data  for  operational 
applications  continued  to  develop  more  slowly  than  its  promoters  had  hoped.”'  A NASA- 
sponsored  technology  transfer  and  utilization  program  involving  universities,  state  and 
local  governments,  and  industry  could  not  reverse  this  reality. 

Operational  Landsat  Program 

lhe  development  of  an  operational  program  became  the  subject  of  a series  of  politi- 
cal debates.  Different  groups  proposed  at  least  three  different  alternatives.  First,  the  fed- 
eral government  could  develop  an  operational  Earth  resources  program  on  the  model  of 
the  operational  weather  satellite  program,  providing  satellite  data  for  the  public  good. 
Second,  a private  company  might  take  over  the  existing  Landsat  system  and  run  it  as  a 
business,  an  option  usually  called  privatization.  Third,  a private  company  might  develop 
and  launch  a new  and  separate  Earth  observations  satellite,  an  option  usually  called  com- 
mercialization. 

Despite  the  somewhat  disappointing  growth  of  Landsat  data  use,  the  Department  of 
the  Interior  wanted  an  early  transition  to  a government-sponsored  operational  satellite 
program,  but  the  agency  faced  a number  of  obstacles.  [11-27]  First,  the  Office  of 
Management  and  Budget  questioned  whether  Landsat  had  yielded  enough  benefits  to  jus- 


...  hhu  hvi  U}  *rank  K Moss,  rfbm.il  y 20,  197*  Hans  Mark  to  Clifford  K.  Charlosworth,  July 

; ,;u"  l<  Stomv  to  Distribution.  •‘Summary  Thoughis  on  Earth  Resources  Transfer  Meeting  ” bun* 
U/:>.  All  of  these  doc  uments  are  in  the  Space  Policy  Institute  Documentary  History  Collection,  Washington. 

:)S-  (l*  t'limthavei^  I S.  Department  of  Agriculture,  to  Leonard  Jafle,  Deputy  Associate 

1 (1 liHiinslratnr,  NASA,  August  22,  197*  discusses  a new  research  and  development  study  to  develop  a computer- 
based  system  h>r  sprmg  vvheat  yield  estimation. 

:>9.  James  L.  Mitchell,  Office  of  Management  and  Budget,  to  Richard  E.  Bell  and  Don  PaarlheiK. 
Department  ol  Agriculture,  “Large  Area  Crop  Inventory  Experiment,’’  ()<  tober  8,  1070,  Space  Polic  y Institute 
Documentary  History  Collection.  Washington,  DC. 

Mack,  Vimring  the  Earth,  pp.  140-58. 

,,  , h'°',  ■'  SI,HV  wi,h  a outcome  see  John  I*.  Erlandson,  Army  Corps  ol  Engineers.  to  K IS 

MacDonald.Jolutson  Space  Center,  Match  hi,  11)70.  Space  Policy  Institute  Documentary  History  Collection 
Washington,  IK  ,:  Mack.  1 intting  the  t'.nrth,  p.  130.  For  the  reasons  ol  slow  adoption,  see  letter  horn  Sally  Bay 
Cornwell.  National  Conlerence  ol  Slate  legislatures,  to  Allen  1 1.  Watkins,  FROSDala  Center,  December  3.  1977 
and  letter  from  Allen  II.  Watkins  to  Sally  Bay  Cornwell.  December  22.  1977,  Space  Policy  Institute  Documentary 
1 lislnry  ( .ollectton,  Washington,  IK  1. 
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tify  a continued  government-funded  program.'*  [11-28]  This  issue  posed  a dilemma:  poten- 
tial users  did  not  want  to  invest  in  the  information  systems  nec  essary  to  process  and  analyze 
Earth  resources  satellite  data  until  they  knew  that  the  data  would  continue  to  be  available 
in  the  future,  while  the  Office  of  Management  and  Budget  did  not  want  to  fund  an  opera- 
tional program  until  it  was  clear  that  enough  users  would  participate*  to  justify  it.  As  delays 
mounted,  Eandsal  technology  bet  ante  increasingly  out  of  date;  in  1986  France  launched 
an  Earth  resource's  satellite  named  SPOT  (Satellite  Pour  ['Observation  de  la  Terre)  that  in 
some  ways  was  more  sophisticated. 

Instead  of  choosing  which  federal  agency  would  house  an  operational  program,  an 
alternative  approach  gained  increasing  attention:  that  private  industry  should  take  over 
Earth  resource  satellites  because  it  had  communications  satellites  (instead  of  retaining  the 
program  as  a government  function  as  had  been  done  with  meteorological  satellites).  The 
impetus  for  the  idea  came  primarily  from  those  interested  in  reducing  the  federal  budget; 
unlike  communication  satellites,  the  potential  profitability' of  Earth  lesouice  satellites  was 
so  uncertain  that  private'  industry  had  only  limited  interest  in  taking  over  the  whole  sys- 
(em."'  [11-29,  1 1-30 1 In  Oc  tober  1978,  President  Jimmy  Carter  issued  Presidential  Decision 
12,  which  asked  NASA  and  the  Department  of  Commerce  to  find  ways  to  encourage  pri- 
vate industry  participation  in  civilian  remote  sensing  (including  Eandsal,  weathei  satel- 
lites, and  ocean  observation  satellites). h‘ 

Some  type*  of  decision  about  an  operational  Eandsat  program  had  to  be*  mack*,  but  pi  i- 
vati/alion  raised  many  difficult  questions.  Presidential  Derision  42  lc*d  to  the  creation  of  an 
interagency  task  force  to  study  the  problems  of  and  potential  for  private-sector  partic  ipa- 
tion in  remote  sensing,  with  a particular  focus  on  Eandsat.  I he  task  foie e ie*poit  addicsstd 
issues  ranging  from  cost  to  potential  international  sensitivity  about  private-sector  control 
of  data.  It  concluded  that  privatization  of  the  whole  system  or  of  the  space  segment  was  pre- 
mature, but  that  private*  industry  should  be  encouraged  to  make  proposals  for  investment 
in  any  part  of  the  system.”^ 'This  resulted  in  Presidential  Decision  fvl  in  November  1979,  giv- 
ing NOAA  temporary  re  sponsibility  for  managing  an  operational  Eandsat  system  and  ask- 
ing NOAA  to  study  ways  to  encourage  private  participation.  Presidential  Decision  54’s 
long-term  goal  was  eventual  operation  by  the  private  sector."7  [11-31, 11-321 


James  C.  Fletcher  to  James  T.  Lynn.  ( )Kii e of Management  and  Budget,  September  15,  1970.  Spac  e* 
policy  Instil  nil*  Documentary  History Collection,  Washington,  DC. 

p>3.  Bruno  Augenstcin,  Willis  II  Shapley,  Eugene  B.  Skolnikoff,  “Earth  Information  from  Spare  by 
Remote  Sensing,”  report  prepared  tor  Dr.  frank  Press,  Direc  tor,  Office  of  Science  and  Technology  Policy,  June 
2,  l‘l 78;  see  Document  11-30.  t ins  document  also  addresses  another  obstacle:  controversy  over  which  agency 
would  c ontrol  the  oper  ational  system.  See  Mac  k,  Vmmng  the  Earth,  pp.  204-05. 

04.  Privatization  meant  the  development  of  something  similar  to  Comsat — a pr  ivate  corporation  that 
would  purchase  satellites,  pay  for  launch  services,  manage  the  working  spacecraft,  and  process  and  se  ll  data,  all 
at  its  own  r isk.  Phis  is  different  from  the  small  industry  that  had  de  veloped  to  sell  analysis  and  special  process 
ing  of  Eandsat  data.  That  industry  did  not  want  the  government  providing  too  many  servic  es,  hut  it  did  want  the 
government  to  provide  the  basic  data.  See  J.  Robert  Porter,  Jr.,  President,  Earth  Satellite- Corporation,  “Statement 
before  the  House  Subcommittee  on  Space  Science  and  Applications,”  June  23,  1977,  Space  Policy  Institute 
Documentary  History  Collection,  Washington,  I)C. 

f>5.  Also  in  Oc  tober,  Senator  Harrison  Schmitt  introduced  a bill  calling  for  the  creation  oi  an  Earth 
Resources  Information  Satellite  Corporation  modeled  on  Comsat.  No  action  was  take  n on  the  bill.  Science 
Policy  Research  Division,  Congressional  Research  Service,  United  States  Civilian  Space  Urograms.  Volume  //. 
Applications  Satellites,  pit-pared  for  the  Subcommittee  on  Spate  Sc  ience  and  Applications  of  the  Committer  on 
Science  and  Technology,  I S.  House  of  Representatives,  May  1983.  pp.  249-50. 

(ifi.  “Private  Sector  Involvement  in  Civil  Space  Remote  Sensing,”  draft.  June  4,  19711,  Spare  Policy 
Institute  Documentary  History  Collection,  Washington,  1)C. 

C>7.  United  States  Civilian  Space  hokums.  Volume  /,  pp.  238-42.  For  issues  relating  to  the  transition  to  an 
operational  system,  se  e-  the  letter  from  Richard  1).  Lamm  to  Ceorge  S.  Benton,  NOAA,  April  30,  1980.  with 
attac  hed:  "Rec  ommendations  of  the  National  Governor's  Association,  National  ( ionlcrriice  ol  State  Legislatures, 
Intergovernmental  Science,  Engineering  & Technology  Advisory  Panel,  National  Resources  & Lmiinnmcnt 
Task  Force,  for  the  Final  Transition  Plan  lor  the  National  Civil  Operating  Remote  Sensing  Program  {first  draft 
April  10,  1980),”  April  30,  1980. 
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A lengthy  debate  followed  concerning  whether  and  how  privatization  might  take 
place.""  During  that  time,  two  additional  Landsat  satellites  were  launched  to  provide  con- 
tinuity of  data  delivery,  but  the  development  of  a more  advanced  operational  system  was 
put  on  hold.  I hese  satellites  did  carry  one  new  instrument,  the  Thematic  Mapper  (TM), 
which  was  a significant  improvement  over  the  Multispectral  Scanner  that  had  been  carried 
on  the  initial  satellites.  The  most  provocative  proposal  to  come  from  private  industry  was 
horn  Comsat  in  July  1981  to  take  on  full  responsibility  for  both  Earth  resource  and  mete- 
orological satellites."'  1 11-33]  Many  observers  had  doubted  that  commercialization  could 
protect  tlie  public  interest  in  meteorological  satellite  data;  similar  concerns  were  voiced 
with  respec  t to  Earth  resource  satellites.70  ( 11-34 J 

President  Reagan  proved  an  even  stronger  supporter  of  the  transfer  of  government 
projects  to  private  industry  than  President  Carter  had  been.  In  March  1983,  Reagan 
announced  a decision  to  transfer  Landsat,  the  meteorological  satellites,  and  future  ocean 
observation  satellites  to  private  industry.71  As  already  mentioned,  Congress  rejected  the 
idea  of  transferring  the  meteorological  satellite  program  to  private  industry.  [11-35] 
Howevei,  the  Department  of  Commerce  proceeded  with  a request  for  proposals  from  pri- 
vate industry  for  operational  control  of  the  Landsat  system.'-  Congress  passed  a bill  setting 
the  terms  for  transfer  in  1984,  and  the  Earth  Observation  Satellite  Company  (EOS AT),  a 
joint  venture  of  Hughes  and  RCA,  won  the  competition.  [II-3(i] 

I his  1984  legislation  supported  the  concept  of  providing  sufficient  subsidy  to  contin- 
ue Landsat  operations  while  EOS  AT  built  a market  for  data.  Department  of  Commerce 
officials  envisioned  that  with  government  help,  EOSAT  would  build  Landsats  b and  7. 
Eventually,  administration  and  congressional  supporters  believed,  the  data  market  would 
grow  large  enough  to  support  entirely  private  ownership  and  operation  of  future  Landsat 
systems.  NOAA's  1985  Commercialization  Plan  called  for  continued  government  f unding 
of  $250  million  to  build  Landsats  b and  7. 7 To  assist  in  this  process,  EOSAT  began  build- 
ing its  own  operations  control  and  receiving  station  in  Norman,  Oklahoma. 

In  the  fall  of  1985,  EOSAT  complicated  negotiations  over  the  amount  of  subsidy  by 
proposing  to  fly  the  I’M  on  a spacecraft  designed  to  be  launched  by  the  Space  Shuttle.  ' 
Despite  the  loss  of  the  orbiter  Challenger  in  January  198b,  NOAA  agreed  to  the  proposal 


<>K.  William  H.  Cregory,  “Free  Enterprise  and  Landsat, ” Aviation  Week  and  Sparc  Tcchnnh^  | 18  (|u|\  | J, 
1980):  18;  Kd  Harper  to  Craig  Fuller  and  Marlin  Anderson.  “Resolution  of  Issues  Related  to  Private  Sector 
transfer  of  Civil  Land  Observing  Satellite  Activities,”  July  18,  1981;  National  Oceanic  and  Atmospheric 
Administration,  “Iransfcr  of  the  Civil  Operational  Karth  Observation  Satellites  to  the  Private  Set  tor,”  {frail, 
Januai  \ 19,  1988.  I lie  last  two  documents  are  located  in  the  Space  Policy  Institute  Documentary  Histor\ 
Collec  tion,  Washington,  1)C. 

b9.  Communications  Satellite  Corporation  News  Release.  'Comsat  President  Proposes  Bold 
Restructuring  of  Karth  Sensing  Satellite  Systems,”  July  28.  1981.  Space  Policy  Institute  Documentary  History 
Collection,  Washington,  DC. 

70.  David  A.  Stockman.  Office  of  Management  and  Budget,  to  Malcolm  Baldridge.  Secretary  of 
Commerce.  May  9.  1988.  See  Pamela  K.  Mack,  “Commercialization.  International  Cooperation,  and  the  Public 
Oood.”  in  Daniel  S.  Papp  and  John  R.  McIntyre,  eds..  Intn  national  Span > /W icy:  h>gal,  Krmwmir,  and  Strategic 
Options  Jot  tin1  twentieth  Century  and  Beyond  (Westport,  Cl:  Quorum  Books,  1987).  pp.  19,r>-202. 

71.  “Statement  In  Dr. John  V.  Byrne,  Administrator.  National  Oceanic  and  Atmospheric  Administration. 
L S.  Department  of  Commerce.”  March  8.  1988.  Spate-  Policy  Institute  Documentary  History  Collection. 
Washington,  DC. 

^ -N  Depat Iment  oi  Commerce,  Request  lor  Proposals  for  Iransfcr  ol  the  l nited  Stales  l.and 
Remote  Sensing  Program  to  the  Private-  Sector,”  |anuarv  8,  1981. 

/8.  Landsat  proponents  argued  that  neat  ly  double  this  amount  was  necessary  to  ensure  adequate  sup- 
port for  the  commercialization  process,  but  David  Stockman,  direc  tor  ol  tin-  Office  of  Management  and  Budget 
under  President  Reagan,  would  agree  only  to  the  $2f>0  million. 

71.  At  the  time.  NASA  e nvisioned  being  able  to  launch  the-  Shuttle  into  polar  orbit  from  Yandenberg 
Ait  hoi cc  Base  in  California.  Landsat  satellites  then  would  have  been  serviced  in  orbit  bv  Shuttle  t rews. 
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in  March  1980;  in  August  of  the  same  year,  the  Reagan  administration  issued  a derision 
limiting  Shuttle  payloads  to  those  requiring  the  unique  characteristics  of  the  Shuttle.' 
This  caused  NOAA  to  direct  KOSAT  to  pre  pare  lor  launch  on  an  expendable  launch  vehi- 
cle. Other  disagreements  between  the  administration  and  Congress  delayed  a decision  to 
fund  the  Landsal  system  until  the  spring  of  1988. 7,1  By  that  time,  it  had  become  fully  appar- 
ent that  the  subsidy  ($219  million)  would  cover  only  the  development  and  construction  of 
one  spacecraft.  The  Reagan  administration  and  Congress  nearly  terminated  FOSAT’s  oper- 
ation of  Landsats  1 and  5 several  times  for  lack  of  a few  million  dollars  of  operating  funds.7 

Part  of  the  difficulty  arose*  because,  in  the  1980s,  proponents  of  land  remote  sensing 
faced  the  same  problem  they  had  experienced  in  the*  1900s.  No  single  agency  was  willing 
to  commil  funding  ($15-30  million  per  year  beyond  EOSAT’s  revenue  from  data  sale  s)  to 
continue*  system  operations.  Unlike*  the*  weather  satellite's,  which  NOAA  operated  to  pro- 
vide data  for  its  own  National  Weather  Service,  the  Department  of  Commerce  had  no 
internal  constituency  for  collecting  remotely  sensed  land  data.  The*  Carter  administration 
had  selected  NOAA  because  of  the  agency’s  experience  in  operating  the*  weather  satellite 
systems.  Congress  expressed  only  lukewarm  interest  in  supporting  NOAA’s  long-term 
operation  of  Landsat.  This  lac  k of  commitment  to  a continuously  operated  remoter-sens- 
ing system  undermined  what  little*  confidence  data  customers  had  in  the*  Landsal  system. 
Relatively  few  customers  were*  willing  to  develop  the  necessary  processing  infrastructure 
and  training  programs  or  make*  other  investments  that  depended  on  the*  routine  delivery 
of  I .andsat  data. 

NOAA  and  EOSAT  expected  to  launc  h Landsat  6 in  1992,  with  the*  federal  govern- 
ment providing  most  of  the  funding  for  building  and  launching  the*  satellite*.  Howe  ve  r, 
c*vc*n  if  Landsat  b successfully  reached  orbit  and  operated  as  designed  lor  five*  years,  this 
plan  still  left  the  United  State's  with  the  prospect  of  entering  the  late*  1990s  with  no  capa- 
bility to  colle  c t Landsat  data.  It  soon  became  clear  that  even  if  the*  data  market  doubled 
or  tripled,  EOSAT  would  not  earn  sufficient  revenue  to  build  Landsat  7.  To  resolve  grow- 
ing concerns  over  the  future*  of  the  Landsat  program,  President  Bush  “directed  the 
National  Spac  e*  Council  and  the*  Of  fic  e of  Management  and  Budget  to  review  options  with 
the*  inte  ntion  of  continuing  Landsat-type  data  collections  after  Landsal  f>.”  [II-37] 

The  Land  Remote  Sensing  Policy  Act  of  1992 

Bv  the*  early  1990s,  se*vc*ral  circumstances  led  to  the  decision  to  return  Landsat  system 
operation  to  the  government.  First,  the  U.S.  military  made  extensive  use  of  Landsat  and 
SPOT  data  to  create  maps  used  in  planning  and  executing  U.S.  maneuvers  during  the* 
1991  Gulf  War"  Second,  Landsat  proponents  worried  that  failing  to  develop  Landsat  7 
would  give  SPOT  full  control  of  the  international  market  lot  mullispectral  satellite  data. 
Third,  global  change  researchers  began  to  appreciate  that  the  twenty-year  Landsat  data 
archive  would  allow  them  to  follow  environmental  change  on  parts  of  Earth’s  surface. 
Fourth,  the  attempt  to  commercialize  the  Landsat  system  had  faltered  badly,  and  policy 


7.r>.  The  White  House,  “Statement  on  the  Space  Shuttle, ” August  la,  1981),  Space  Polio  Institute 
1 )c»(  timentai  v History  C a>lle<  tion,  Washington,  DO. 

7h.  l .S.  Congress,  Congressional  Research  Service,  “Future  ol  Land  Remote  Sensing  System 
(Landsat),"  Ol-hHfi-SPR,  pp.  tv-7,  Space  Policy  Institute  Documentary  History  Collection,  Washington.  DC. 

77.  M.  Mitchell  Waldrop.  “Landsat  Commercialization  Stumbles  Again.”  Seim  re  21b  (January  9. 
PJS7):Lr>ri-af>;  Flint  Marshall,  “Landsal:  ( '.\ ill-hanging,  Again,”  Srirnw  (October  20.  1989):  321-22. 

78.  IV  Cordon,  Statement  heft  ire  the  IS.  House  of  Representatives,  joint  Hearing  ol  the  Committee  on 
Science.  Space,  and  Technology  and  the  House  Permanent  Select  Committee  on  Intelligence,  S<  ieniil'u  . 
Military,  and  Commercial  Applications  of  the  Landsat  Program,  Heating  Report  I02-H1,  June  2b,  1901. 
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makers  began  to  leel  that  no  private  company  was  soon  likely  to  be  able  to  provide  equiv- 
alent data  on  the  scale  needed  by  federal  agencies.7”  Finally,  the  advent  of  the  geographic 
information  system  (GIS)  and  the  development  of  other  information  technologies,  suc  h 
as  high-powered  computers,  inexpensive  storage  devices,  and  the  Internet,  promised  to 
reduce  the  costs  and  complexities  of  processing  Landsat  data."" 

As  a result  of  these  and  other  pressures  to  continue  collecting  Fandsat  data,  in  1992 
the  administration,  with  the*  strong  support  of  Congress,  moved  to  place  operational  con- 
trol of  Landsat  7 and  beyond  to  l)()l)  and  NASA.  [11-38]  Under  the  Landsat  management 
plan  ne  gotiated  between  l)OI)  and  NASA,  1)01)  agreed  to  fund  the  development  of  the 
spacecraft  and  its  instruments,  while*  NASA  agreed  to  fund  the  construction  of  the  ground 
data  processing  and  operations  systems,  to  operate  the  sate  llite,  and  to  provide  for 
Landsat  data  distribution.  [11-391  The  Land  Remote*  Sensing  Policy  Ac  t of  1992,  signed 
into  law  in  October,  codified  the  management  plan  and  authorized  approximately  equal 
funding  from  each  agency  for  the  operational  life  of  Landsat  7.  j 11-40] 

Landsat  6 was  to  carry  an  Enhanced  Thematic  Mapper  (ETM)  having  better  radio- 
metric calibration  than  previous  TM  sensors,  along  with  an  additional  “sharpening" 
panchromatic  band  of  fifteen-meter  resolution,  allowing  it  to  deliver  data  with  resolution 
nearly  equivalent  to  SPOT  data.  NASA  had  studied  this  capability  in  the  mid-1970s  but 
dropped  any  plans  to  build  higher  resolution  instruments  as  a result  of  national  security 
restrictions  on  the  sharpness  of  data  f rom  c ivilian  satellites.  By  the  1990s,  other  countries 
had  started  se  lling  fine-resolution  data,  so  those  national  security  concerns  had  become 
moot  (see  below). 

Initial  NASA  and  1)01)  plans  called  for  Landsat  7 to  include  an  ETM  Plus,  an 
improved  version  of  the  ELM  under  development  for  Landsat  b.  Later,  DC ) I)  began  to 
consider  adding  a new  multispectral  sensor  to  the  satellite*,  the*  High  Resolution 
Multispectral  Stereo  Imager  (HRMSI),  capable  of  collecting  five-meter  resolution  data 
particularly  useful  for  mapping.  NASA  and  DOD  analysts  estimated  that  developing, 
launc  hing,  and  operating  Landsat  7 for  five  years  would  equal  $880  million  (1992  dollars). 
NASA  considered  the  additional  instrument  optional;  in  the  course  of  disc  ussions,  DOD 
dec  ided  that  it  should  be  an  operational  requirement.  However,  the  HRMSI  sensor  and 
additional  ground  operations  equipment  would  have*  cost  an  additional  $400  million.  The 
high  data  rates  expected  for  the  HRMSI  nearly  doubled  the  overall  required  system  data 
rate  and  would  have*  added  significant  costs  to  NASA’s  yearly  operations  budget  for 
Landsat  7. 

In  September  1993,  Landsat  0 was  launched  but  failed  to  reach  orbit,  raising  addi- 
tional concerns  about  the*  loss  of  data  continuity.  That  same*  month,  NASA  officials  con- 
cluded that  the  costs  of  operating  Landsat  7 with  HRMSI  were  too  large,  given  other 
strains  on  the  space  agency’s  budget.  In  December  1993,  DOD  decided  not  to  fund  the 
resulting  Landsat  7 budget  shortfall.  As  a result  of  disagreement  over  the*  Landsat  7 
requirements  and  budget,  DOD  decided  to  drop  out  of  the*  agreement  altogether.  [11-41, 
11-42,  11-43,  11-44]  That  left  NASA  to  fund  the*  development  of  Landsat  7,  carrying  only  the 
planned  thirty-meter-resolution  ETM  Plus.  After  some*  discussion,  DOD  transferred 


79.  In  1990,  John  Knauss,  Commerce  Under  Secretary  for  Oceans  and  Atmosphere,  stated:  "Our  expe- 
rience with  the  Landsat  program  . . . [has]  led  us  to  the  conclusion  that  commercialization  of  Landsat.  as  had 
originally  been  envisioned,  is  not  possible." J.  Knauss,  Under  Secretary  for  Oceans  and  Atmosphere,  Department 
ot  Commerce,  Statement  belore  the  Senate  Committee  on  Commerce,  Science,  and  Transportation,  June  12, 
1990,  Space  Policy  Institute  Documentary  History  Collection,  Washington.  1)C. 

SO.  Ray  A.  Williamson,  “The  Landsat  Legacy:  Remote  Sensing  Policy  and  the  Development  of 
Commercial  Remote  Sensing,”  Miotogtammehir  i'.ngi furring  and  Krmote  Sensing  iY$  (July  1997):  S77-S5. 
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$90  million  to  NASA  to  assist  in  developing  die  satellite  and  sensor  because  1)01)  would 
be  a major  customer  of  data  from  Landsat  7. 

In  early  1991,  the  question  of  Which  agency  would  actually  operate  Landsat  7 had  not 
yet  been  resolved.  NASA  planned  to  use  Landsat  data  to  support  its  research  into  land  use 
and  land  change  as  part  of  the  U.S.  Global  Change  Research  Program.  Landsat  7 is  for- 
mally now  part  of  NASA’s  Mission  to  Planet  Karth.  These  data  will  also  support  many  fed- 
eral government  operational  programs  and  the  data  needs  of  state  and  local  governments, 
l lie  U.S.  private  set  tor,  and  foreign  entities. 

In  May  1994,  the  Clinton  administration  resolved  the  outstanding  issue  of  procure- 
ment and  operational  control  of  the  Landsat  system  by  assigning  it  jointly  to  NASA, 
NOAA,  and  the  Department  of  the  Interior.  Under  this  plan,  NASA  will  procure  the  satel- 
lite, NOAA  will  manage*  and  operate  the  spacecraft  and  ground  system,  and  the 
Department  of  the  Interior  will  archive  and  distribute*  tin*  data  at  the*  marginal  cost  of 
reproduction.  [11-45]  NASA  has  scheduled  the*  launch  of  Landsat  7 for  1999.  However,  the 
future*  of  government-funded  land  remote-sensing  satellites  beyond  Landsat  7 is  still 
uncertain. 

The  Beginning  of  Commercial  Remote  Sensing 

Having  failed  in  successfully  transferring  the  Landsat  system  to  private  ownership  and 
operation,  government  programs  and  policy  were*  nonetheless  in  part  responsible  lor 
making  commercial  remote  sensing  possible.  The  Land  Remote  Sensing  Policy  Act  of 
1 992  included  Title  II,  which  sets  out  the  terms  for  government  licensing  of  private  oper- 
ators of  remote-sensing  satellite*  systems.  Title  IV  of  the  1984  act  had  included  identical 
wording,  requiring  that  potential  private  operators  of  remote-sensing  satellites  acquire  an 
operating  license*  from  the*  federal  government  in  accordance  with  international  obliga- 
tions, but  until  1992,  no  company  had  taken  advantage  of  that  provision.  I he  legislation 
assigned  to  the  secretary  of  commerce  the  responsibility  for  considering  and  granting 
such  licenses,  requiring  that  the  secretary  act  on  such  applications  within  120  days,  “in 
consultation  with  other  appropriate  United  States  Government  agencies.  . . .”H1 

In  October  1992,  shortly  after  President  Bush  signed  the  1992  act.  World  View,  Inc., 
applied  for  a license  to  operate  a commercial  remote-sensing  system.  WorldVicw’s  plans 
called  for  building  a system  capable  of  collecting  stereo  panchromatic  data  of  three-meter 
resolution  and  muhispectral  data  of  fifteen-meter  resolution  in  green,  red,  and  near- 
infrared  spectral  bands,  although  with  a narrow  field  of  view; K-  WorldVievv’s  sensor  was 
designed  to  collect  stereo  pairs  along  the  satellite  track  as  well  as  sideways  off  track, 
enabling  a rapid  revisit  of  areas  of  particular  interest.  Iechnologv  developed  as  part  of 
Lawrence  Livermore  Laboratory’s  ballistic  missile  defense  program  supplied  the  instru- 
mental basis  for  a commercial  system.  Perhaps  the  greatest  innovation,  however,  was  a data 
marketing  plan  based  on  commercial  objectives,  rather  than  on  meeting  government 
requirements.  WorldVicw’s  officials  judged  that  the  ultimate  market  for  these  data  was  the 
information  industry,  which  was  planning  to  use  the  Internet,  CD-ROM,  and  other  infor- 
mation technologies  to  reac  h customers  quickly  and  efficiently.*1  Such  plans  depended  on 
the*  ability  of  WorldView  and  other  companies  that  followed  to  build  and  operate  a satel- 
lite at  much  lower  cost  than  Landsat.  A commercial  data  marketing  plan  involves 


HI.  The  I .and  Remote-Sensing  Policy  Act  of  191)2  (15  L.S.d.  5021,  See.  201  (<  )). 

H2.  The  Kin ly  Bird  satellite  will  be  eapable  of  gathering  panchromatic  data  along  a three-kilometer 

swath  and  multispcctral  data  along  a fifteen-kilometer  swath. 

H:V  Williamson,  “ t he  Dindsat  Legacy,"  pp.  HHS-HL 
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collecting  data  only  of  sufficient  quality  and  quantity  to  meet  the  needs  of  most  cus- 
tomers.”' This  also  reduces  costs  compared  to  a system  such  as  Landsat  7,  which  is 
designed  to  colled  as  much  data  as  possible  to  provide  a global  archive  for  the  future 
needs  of  scientists. 

Department  of  Commerce  officials  coordinated  the  license  application  with  1)01),  the 
Central  Intelligence  Agency,  and  the  Department  of  State.  By  late  1992,  national  security 
planners  were  more  inclined  than  ever  before  to  ease  earlier  restrictions  on  the  resolution 
limits  of  civilian  data.  Their  decisions  were  moved  in  part  by  the  knowledge  that  the 
French  were  planning  to  improve  the  resolution  of  their  SPOT  system,  and  the  Indian 
Space  Agency  was  also  moving  to  higher  resolution  instruments.  Furthermore,  the 
Russian  firm  Soyuzkarta  had  begun  to  market  high-resolution  multispectral  photograph- 
ic data  (two-meter  resolution)  from  the  formerly  secret  Russian  KVR-IOOO  sensor.  On 
January  4,  1993,  the  Department  of  Commerce  sent  a lic  ense  to  WorldView,  allowing  it  to 
operate  a three-meter  satellite  system.  [11-46,  11-17,  11-48]. 

Other  companies  soon  filed  their  own  applications  for  systems  that  would  achieve 
oven  greater  sharpness.  In  June  1993,  Lockheed,  Inc.,  filed  with  the  Department  of 
Commerce  for  a license  to  operate  a system  capable  of  achieving  one-meter  resolution. 
Shortly  after.  Orbital  Sciences  Corporation,  in  partnership  (later  dissolved)  with  CDF. 
Systems  and  Itek,  also  filed  a similar  license  re  quest.  The  proposal  to  collect  higher  reso- 
lution data  caused  the1  (Minton  administration  to  reconsider  desirable  policy  for  commer- 
cial remote  sensing.  Although  the  sale  of  such  data  abroad  posed  no  threat  of  the  transfer 
of  critical  technology,  in  the  view  of  some,  one-meter  data  were  too  close  to  the  recon- 
naissance capabilities  of  high-flying  aircraft  and  c lassified  satellites.*’  Others,  while  recog- 
nizing the  risk  of  marketing  these  data  worldwide,  have  argued  that  data  of  high 
resolution  can  moderate  potential  conflict  if  they  are  available  to  all  sides.”0 

Nevertheless,  one-meter  data,  delivered  in  a timely  manner,  are  of  significant  security 
utility  for  surveillance,  military  planning,  and  the  creation  of  the  up-to-date  maps  needed 
to  fight  battles  effec  tively.  When  combined  with  the  geolocalional  capabilities  of  the  glol>- 
al  positioning  system,  these  data  also  make  it  possible  for  belligerent  nations  to  target  spe- 
cific loc  ations  for  cruise  missile  and  other  precision  attacks.  Hence,  intelligence  officials 
argued,  if  the  data  were  sold  globally,  there  would  have-  to  be  some  sort  of  control  over  dis- 
tribution. Ultimately,  after  several  months  of  discussion,  officials  derided  that  the  benefits 
of  keeping  such  data  under  the  control  of  ILS.  suppliers  were  greater  than  the  risks  posed 
by  possible*  data  misuse. 

In  Mardi  1994,  eight  months  after  receiving  the  lic  ense  application,  the  White  House 
released  a policy  statement  concerning  licenses  for  commercial  remote-sensing  systems. 

I he  policy  required  the*  satellite  operator  to  maintain  satellite  tasking  records  and  to 
make  them  available  so  that  the*  federal  government  could  determine  who  purchased 
what  data,  il  necessary.  It  also  authorized  tlu*  government  to  cut  off  or  restric  t tlu-  flow  of 
data  during  limes  of  crisis  to  protect  national  sec  urity  interests.  [11-49]  Flic*  Department 
of  Commerce  has  granted  several  licenses  based  on  this  policy,  including  one  to 
Lockheed,  Inc.  [ 11-50 1 


8 t.  Foi  LOSAI,  the  operator  of  Landsats  4 and  :>,  this  meant  collet  ling  fewer  scenes  than  government 
operators  would  have  collected.  NASA  and  NOAA  were  interested  in  gathering  as  mam  scenes  as  possible  to  tile 
I lie  archive'  of  Landsat  scenes. 

Ha.  \.  Gupta.  “New  Satellite  linages  for  Sale:  The  Opportunities  and  Risks  Ahead,"  Center  lor  Security 
and  Technology  Studies.  Lawrence  Livermore  National  Laboratory,  LGR1  .-ID-1  181 40,  1991,  Space  Polity 
Institute  Documentary  History  Gollection,  Washington,  DC. 

8h.  R.  Gordon,  “Tlu*  Moderating  Ltlcrls  of  Higher  Resolution  Civil  Satellite  Imaging  on  International 
Relations,  paper  presented  al  the  199b  A FCL A Conference,  Washington,  DC,  |une  199b. 
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Conclusion 

( )uc*  might  anticipate  that  space  applications  programs  would  have  been  the  least  con- 
troversial aspects  of  the  spat  e program  because  they  would  seem  to  be  the  most  obvious- 
ly beneficial.  An  examination  of  their  history,  however,  suggests  that  applications  satellites 
raised  difficult  institutional  policy  issues,  resulting  particularly  from  the  large  number  of 
interested  organizations  involved.  A project  such  as  Apollo  served  primarily  public  and 
political  interests  in  a space*  race,  for  basic  space  science,  NASA  had  a dear  constituency 
of  scientists.  In  the  1970s,  NASA  sought  to  control  research  and  development  for  satellite 
applications  in  the  same  way  it  controlled  space  science,  but  the  space*  agency  found  that 
user  agencies  expected  to  direct  research  to  meet  their  own  perceived  needs.  In  addition, 
the  technological  potentials  of  the  various  applications  fields  that  scientists  found  most 
interesting  were  not  necessarily  the  ones  with  the  most  short-term  practical  value. 

During  the*  1980s,  government-funded  applications  satellite  systems  faced  an  increas- 
ingly difficult  budgetary  climate.  ( onlinuing  development  of  satellite  technology  made  it 
possible  to  offer  more  and  more  sophisticated  services,  but  in  a time  of  tremendous  pres- 
sure on  the  federal  budget,  tlu*  government  has  been  reluc  tant  to  fund  more  expensive 
systems,  even  if  they  resulted  in  better  services. 

(.ommercial  interests  in  land  remote  sensing  and  international  cooperation  in  mete- 
orological observations  have  helped  invigorate  these  two  applications.  As  history  demon- 
strates, land  remote-sensing  applications  have  proven  more  difficult  to  integrate  into 
existing  systems  than  meteorological  or  communications  satellites  had  been.  The  obstacle 
was  not  primarily  a lack  of  usefulness  of  the  data  produced  by  the  satellites;  rathe  r,  pro- 
ponents of  the*  fandsat  program  faced  an  intense  debate  over  the*  proper  role  of  govern- 
ment in  developing  and  operating  a system  that  benefits  both  public*  and  private*  data 
use  rs. s If  the  operation  of  commercial  remote-sensing  satellites  proves  succ  essful,  it  may 
resolve  not  only  the*  long-standing  tensions  between  research  and  ope  rational  uses  of 
remote-ly  sensed  Fatih  observation  data,  but  also  the  question  of  the  proper  role  of  gov- 
ernment and  the*  private  sector  in  supplying  them. 

In  contrast  to  land  remote*  sensing,  most  observers  continue*  to  support  the  public 
provision  of  meteorological  data.  However,  pressure  to  rc*duc  e*  satellite  system  costs  has 
c*ndangerc*d  the  robustne  ss  of  NOAA’s  system.  A changed  political  environment  resulting 
in  a merged  civil-military  system  and  incre*ase*d  international  cooperation  should  improve* 
the*  ability  of  the*  government  to  continue*  to  provide*  high-quality  meteorological  data 
while*  reducing  system  costs. 
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Document  title:  Dr.  Harry  Wexler,  “Observing  the  Weather  from  a Satellite  Vehicle,” 
Journal  of  the  British  Interplanetary  Society  7 (September  1954):  269-276. 


/ his  article  was  originally  presented  fry  Harry  Wexler,  Chief  of  the  Scientific  Services  Division  of  the 
H.S.  Department  of  Commerce  Weather  Bureau , as  a speech  at  the  Third  Symposium  on  Space  Travel , 
held  at  the  Hayden  Planetarium  in  New  York  City  on  May  4 , 7 954.  It  is  one  of  the  earliest  inquiries 
into  the  possible  uses  of  satellites  m forecasting  weather.  \Vhile  correct  in  anticipating  a satellite's  util- 
ity in  observing  large-scale  weather  patterns,  it  is  interesting  that  Wexler  nnurtheless  dismisses  a satel- 
lite's potential  for  what  are  now  routine  observations  of  pressure,  temperature , and  humidity.  The  two 
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figures  accompanying  the  article  are  omitted  here , hut  their  captions  are  included , along  with  the 
description  of  Figure  1.  Note  the  Brilish-style  spellings,  such  as  the  word  "centre." 
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Observing  the  Weather  from 
a Satellite  Vehicle* 


By  Dr.  Harry  Wexler, 


Chief  Scientific  Services  Division,  IhS.  Department  of  Commerce, 
Weather  Bureau 


Introduction 

To  predict  the  future  of  the  atmosphere,  the  meteorologist  must  know  its  present 
stme — as  defined  by  the  three-dimensional  distribution  of  pressure,  temperature,  wind, 
humidity,  clouds,  precipitation,  etc.  To  do  this,  at  hundreds  of  stations  throughout  the 
Northern  Hemisphere,  the  atmosphere  is  probed  by  balloon-borne  instruments  which 
radio  back  to  Earth  values  of  pressure,  temperature,  humidity,  and  whose  paths  can  be 
translated  into  wind  direction  and  speed  of  the  various  layers  through  which  the  balloon 
ascends.  These  observations  expressed  as  numbers  or  symbols,  plus  auxiliary  information 
of  clouds,  precipitation,  etc.,  are  plotted  on  weather  charts  and  synthesized  into  an  instan- 
taneous picture  of  the  atmosphere  which,  however,  is  presently  incomplete  because  of 
lack  of  observations  in  large  portions  of  the  atmosphere,  specially  over  oceans  and 
unpopulated  areas.  Knowing  the  present  state  of  the  atmosphere  and  past  motions  of  the 
storms  enables  a prediction  to  be  made  by  extrapolation  and  other  techniques. 

A satellite  vehicle  traveling  about  the  Earth  outside  the  atmosphere  would  not  assist 
in  portraying  the  pressure,  temperature,  humidity,  and  wind  fields  by  direct  measure- 
ment. However,  by  a “bird's-eye"  view  of  a good  portion  of  the  Earth's  surface  and  the 
cloud  structure,  it  should  be  possible  by  inference  to  identify,  locate,  and  track  storm  areas 
and  other  meteorological  features.  The  vehicle  would  then  serve  principally  as  a “storm 
patrol."  There  exists  under  normal  conditions  a charac  teristic  cloud  condition  for  a “typ- 
ical" extra-tropical  storm. 

A plan  view  of  a typical  mid-latitude  storm  shows  cold  and  warm  fronts,  whose  low- 
pressure  centre  is  at  their  vertex,  and  their  accompanying  cloud  systems. 

A major  cyclonic  storm-cloud  system  visible  from  above*  will  be*  the  warm  front  cloud 
from  which  the  major  portion  of  the  storm’s  precipitation  usually  falls.  In  west-east  verti- 
cal sections,  the*  cloud  at  the  extreme  right  is  composed  of  high-level  (5-10  miles)  tenu- 
ous cirrus  or  cirroslratus  clouds  whic  h change*  to  denseT  altostratus  and  altocumulus  and 
finally  te>  thick  precipitating  nimbostratus  as  one  approaches  the  storm.  If  the  ascending 
warm  air  above*  the*  warm  front  is  unstable  enough,  cumulonimbus  or  thunderstorm 
clouds  will  penetrate  above  the  top  of  the*  nimbostratus  cloud. 

In  the  warm  sector,  or  the  area  between  the  warm  front  and  cold  front,  there  will  be 
stratus  and  fog,  if  the  surface  is  colder  than  the  air,  or  cumulus  clouds,  if  it  is  warmer. 
Approaching  the  cold  front  the  higher  altocumulus  clouds  will  [text  continued  on  page 
271  after  Figure  2] 


* Presented  at  tlu*  Third  Symposium  mi  Space  Travel,  American  Museum.  Hayden  Planetarium.  New  York. 
Mav  4,  1954. 
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1270)  I figure  omitted  | FIG.  1.  The  Earth  from  an  altitude  of  100  miles. 

I his  picture  show  the  Earth’s  curvature  and  more  than  200,000  square  miles  of 
the  IJ.S.A.  and  Mexico,  and  was  taken  from  a V2  on  March  7,  1947.  The  view 
st retelling  to  the  horizon  is  a distance  of  about  900  miles,  and  the  dark  body  of 
water  near  the  top  of  the  picture  is  the  Gulf  of  California,  about  05  miles  wide. 

The  picture  also  shows  rivers,  islands  in  the  Gulf  of  California,  the  peninsula  of 
lower  California  and  part  of  the  Pacific  Ocean.  The  two  cameras  were  installed 
amidship  in  the  rocket  as  part  of  2,000  lb.  of  scientific  instruments.  They  operat- 
ed automatically  taking  pictures  through  an  infra-red  filter,  used  to  cut  the  haze. 

The  time  of  flight  from  launching  to  the  break-up  of  the  rocket  was  6 1 /2  minutes. 

[271  ] (figure  omitted]  FIG.  2.  Diagram  of  area  included  in  fig.  1. 

appear,  closely  followed  by  a narrow  band  of  cumulonimbus  and  then  scattered  fair-weath- 
er cumulus  in  the  cold  air  mass  well  behind  the  cold  front. 

I he  characteristic  features  of  the  cold  and  warm  front  cloud  systems  plus  the  adjacent 
aii  mass  clouds  should  enable  unique  identification  of  a cyclonic  storm,  either  in  its 
maturing  or  fully  developed  stage's.  The  incipient,  or  embryonic  storm  will  be  more  diffi- 
cult to  detect  because  of  lack  of  fully  developed  cloud  systems.  However,  because  of  tilt' 
tendency  of  cyclonic  storms  to  form  in  families,  arrayed  in  a southwest-northeast  line1 
with  the*  oldei  steams  located  farther  northeast  and  writh  a known  average'  spacing  be* tween 
storms,  it  may  be  possible  to  detect  an  incipient  storm  by  its  position  relative  to  the*  more 
noticeable  mature*  storms  and  possible*  clues  from  tlu*  cloud  system. 

In  Pig.  1 is  shown  an  actual  cloud  photograph  taken  from  a V2  roc  ket  at  a height  of 
1(H)  mile's  above  White  Sands,  New  Mexico,  on  March  7,  1947.  Unfortunately  there*  was  no 
mature  extra-tropical  storm  within  the  field  of  [2721  view  of  the  camera,  and  the  clouds 
shown  ate  mostly  fair-weather  clouds  caused  mainly  by  healing  of  the  ground  and  lifting 

of  the  air  by  the  mountains.  The  most  prominent  clouds  are  thousands  of  bright  c umuli 

arrayed  in  roughly  paiallcl  bands,  called  cloud  streets,  Which  usually  indicate*  clirc'ction  of 
tlu*  wind.  These  clouds  usually  occur  two  to  eight  miles  above  the  surface,  the  higher  cloud 
lops  being  associated  with  thunderstorms.  The  fuzzy  clouds,  so  transparent  that  tlu*  c umu- 
lus c louds  are  visible  through  them,  are  the  high-level  cirrus  clouds  found  at  heights  eight 
to  ten  miles.  Far  to  the  west,  off  the  California  cost,  are  patches  of  the  c haracteristic  low 
California  stratus  clouds  (height  one  to  two  miles)  with  parts  of  the  ocean  surface  visible. 

I he*  most  that  a meteorologist  could  obtain  from  such  a cloud  viewr  would  be*  the*  neg- 
ative knowledge'  that  no  major  storm  is  present  plus  some  indication  of  the  wind  direction 
al  c loud  height  and  possibly  the*  distribution  of  thunderstorms. 

In  order  to  reconnoitre  the  weather  most  effectively,  the  Satellite  Weather  Station 
should  have  the  following  properties: — 

(a)  It  should  be  loc  ated  far  enough  away  to  have  an  instantaneous  field  of  view  com- 
parable to  North  America  and  adjacent  ocean  areas — similar  to  the  area  covered 
by  the  forecaster’s  “working”  chart. 

(b)  It  should  not  be*  so  high  that  cloud  areas  and  geographical  features  are  not  read- 
ily identifiable. 

(c)  It  should  move  in  such  a manner  as  to  have  the  same  cloud  system  in  the*  field  of 
view'  at  least  twice  in  a 12-hour  period  to  obtain  a track  of  the  storm  associated 
with  the  cloud  system. 

(d)  It  should  not  move*  so  fast  that  individual  cloud  systems  cannot  be  located  accu- 
rately with  respect  to  known  ground  features. 

(e)  It  should  cover  the  entire  Earth  in  daylight  at  least  once  daily. 

(0  h should  have  a westward  component  of  motion  relative  to  tlu*  Earth’s  surfac  e so 
as  to  detect  quickly  new  storms  which  usually  move  from  west  to  cast. 
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Such  a vehicle  is  one  which  is  located  at  2*01  Earth’s  radii  from  the  Earth's  centre  or 
about  4,000  miles  from  the  Earth’s  surface  and  which  has  a period  of  rotation  about  the 
Earth  of  exactly  4 hours.  H the  Earth  were  not  rotating  the  vehic  le  would  move  in  the  same 
meridional  plane  through  the  North  and  South  Poles.  But  since  the  Earth  does  rotate  as 
the  vehicle  moves,  its  path  relative  to  the  Earth’s  surface  is  a series  of  curves. 

Let  us  assume  that  at  noon  on  March  21  the  vehicle  is  directed  poleward  from  the 
Equator  at  the  95th  meridian  west,  at  “()”  hour.  Assuming  no  external  perturbations,  the 
orbit  of  the  vehicle  is  always  maintained  in  a plane  parallel  to  its  initial  orbitary  plane,  but 
attached  to  the  centre  of  the  Earth  in  its  motion  through  space.  The  Earth  rotates  under 
the  vehicle  in  such  a way  that  as  the  vehicle  proceeds  northwards,  it  crosses  all  latitudes  at 
exactly  noon  and  after  one  hour  it  passes  over  the  North  Pole;  afterwards  it  then  moves 
southward  at  all  latitudes  at  exactly  midnight.  At  2 hours  it  is  at  the  Equator,  at  3 at  the 
South  Pole,  alter  which  it  enters  into  the  daylight  hemisphere  again  crossing  all  latitudes 
at  exactly  noon  in  its  northward  passage.  At  4 hours,  it  crosses  the  [273]  Equator  at  the 
1 35th  meridian,  west,  and  repeats  a similar  path  on  the  Earth’s  surface,  but  displaced  west- 
ward from  its  initial  path.  In  24  hours  it  returns  to  its  initial  point  of  departure  after  hav- 
ing made  both  a daylight  (noon-time)  and  night  (midnight)  surveillance  of  the  entire 
Far  til’s  surface. 

Twenty  minutes  after  its  departure  on  its  first  leg,  when  the  vehicle  has  moved  over 
Amarillo,  Texas,  its  horizon  will  enclose  an  area  almost  identical  to  the  weather  chart  used 
in  preparation  of  weather  forecasts  for  North  America  and  adjacent  oc  eans. 

What  would  be  seen  from  the  vehicle  at  some  4,000  miles  above  Amarillo,  Texas,  at 
exactly  noon  on  June  21?  An  attempt  has  been  made  to  portray  the  scene  below  under  the 
assumption  that  the  Sun  is  directly  overhead.  In  drawing  a chart  before  sketching  in  the 
clouds,  an  attempt  was  made  to  indicate  the  surface  features  of  the  Karth,  taking  into 
account  its  normal  colour  and  reflectivity  (albedo)  of  sunlight,  and  the  sc  attering  and 
depleting  ef  fects  on  the  passage  of  light  through  the  Earth's  atmosphere  in  the*  following 
wav: — 

(a)  Normal  illumination  values  at  the  surface  were  first  entered  in  the  chart  accord- 
ing to  zenith  distanc  e of  the  Sun. 

(b)  Next,  values  of  the  apparent  illumination  or  “brightness”  were  obtained  by  taking 
the  product  of  the  surf  ace  albedoes  and  the  illuminations.  For  simplicity  only  two 
albedo  figures  were*  used:  4 per  cent,  for  water  and  15  per  cent,  foi  land.  Ibis 
then  gives  the  brightness  field  of  the  Karth  before  passage  of  (he  light  up  through 
the  atmosphere. 

(c)  Next  the  Earth’s  surface  brightness  was  computed  after  depletion  by  the  atmos- 
phere, values  for  which  are  known  from  the  incoming  sunlight. 

(d)  Next  was  computed  the  atmospheric  contribution  to  the  brightness  field  at  the 
vehicle.  This  was  done  by  estimating  from  available  observations,  the  portion  of 
radiation  coming  f rom  the  sky  to  the  ground  (i.e.  the  downward  ladiation  oi  sky- 
light”) and  by  assuming  that  the  same  fraction  of  illumination  is  scattered 
upward.  This  procedure  assumes  that  the  atmosphere  is  a “uniform  dif  fuse  re  flec  - 
tor” of  the  brightness  shown. 

(e)  Fite  two  brightness  values — from  the  Earth’s  surface  and  from  the  atmosphere’ — 
are  added  together  to  give  a total  brightness. 

To  distinguish  the  over-all  brightness  contrast  between  ocean  and  land,  for  example, 

the  frac  tional  contrast  F = 2 ~ B(>  must  he  larger  than  1/10.  I he  computed  value's 

»i.+  B0 

of  K (not  shown)  are  considerably  larger  than  this  value,  except  near  the  penpheiy,  indi- 
cating that  for  most  of  the  observed  area  land  can  be  readily  distinguished  from  ocean. 
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Colour  contrasts  of  objects  on  the  ground  tend  to  be  suppressed  in  at  least  two  ways: 
selective  scattering  of  the  bluer  components  by  atmospheric  molecules,  and  “dilution”  of 
colours  by  the  white  diffuse  component  contributed  by  the  noil-selective  foreign  particle 
scattering  in  the  atmosphere. 

The  effect  of  the  first  type  of  scattering  is  to  deplete  the  blue  colours  relatively  more 
than  the  longer  wave-lengths.  The  over-all  effect  is  to  emphasize  red  [274]  colour  com- 
ponents of  the  objects  on  the  ground,  as  compared  to  the  blue  components;  and  to  screen 
both  with  diffuse  light  consisting  of  a relatively  large  blue  component  mixed  with  white 
light.  The  over-all  result  would  be  to  give  a bluish  tinge  to  what  is  seen,  since  the  blue  scat- 
tered from  the1  incident  solar  beam  would  more  than  make  up  for  the  blue-depletion  of 
light  coming  from  the  ground. 

As  to  the  colour  of  the  sky  on  the  horizon,  we  might  expect  that  there1  would  be  a grey 
layer,  corresponding  to  the1  atmosphere'  say  in  the  lower  10,000  ft.,  with  an  upper  thin  blue 
region  in  the  region  of  substantial  Rayleigh  scattering,  and  black  above*  that. 

Thus,  as  a result  of  all  the  se*  calculations,  a reasonable  pic  lure  was  obtained  of  the  sur- 
face* features  of  the  Faith  under  normal  conditions  of  June  21  ground  cover  illumination, 
albedo  and  atmospheric  effects,  but  without  clouds.  Ove*r  this  c hart  was  sketched  a hypo- 
thetical cloud  pattern  normally  associated  with  certain  atmospheric  disturbance's.  Albedo 
values  were*  assigned  to  various  cloud  type's  and  their  brightness  as  computed.  These  “dis- 
turbance's” included  the*  following: — 

(a)  A cyclone  family  of  three  storms  in  various  stages  of  development  extending  from 
Hudson  Bay  south-westward  to  Texas. 

(b)  The  north-eastern  part  of  another  such  cyclone  f amily  whose  oldest  member  is  in 
the-  Gulf  of 'Alaska,  the*  remaining  members  to  the  southwest  being  invisible. 

(c ) A fully  developed  hurricane  embedded  in  “streets”  of  trade*  cumuli  in  the*  West 
Indie*s. 

(d)  The*  Intertropic  Convergence  Zone  (or  Equatorial  Front) — a zone  of  interaction 
between  the  north-east  trade  s of  the  northern  hemisphere  and  the*  south-east 
trade's  of  die*  southern  hemisphere' — extending  west  of  Isthmus  of  Panama  to  the 
mid-Pacific. 

(e)  A “line-squall” — favourite  breeding-ground  of  severe*  wind  storms  and  torna- 
does— in  the*  eastern  l\S.  moving  ahead  of  the  cold  front  and  surrounded  on 
both  sides  by  the  cauliflowerlike  cumulus  congest  us. 

(f)  ScatteTC'd  cumulus  clouds  of  varying  thicknesses  over  the*  hc'ale'd  land  areas- — 
especially  in  the*  mountains  and  other  areas  where  dynamic  effects  encourage  the 
lif  ting  of  air  in  vertical  columns. 

(g)  Altocumulus  lenticularis  or  lens-shaped  clouds  formed  by  lifting  of  layers  of  moist 
air  over  mountains  and  usually  found  where  the  “jetstream”  crosses  mountains,  as 
over  the  northern  Canadian  Rockies. 

(h)  Low  stratus  and  fog  found  off  the  southern  and  lower  California  coasts,  over  the 
Great  Fakes,  the  Newfoundland  area,  formed  by  passage  of  warm  moist  air  over 
cold  surfaces. 

The  cumulus  cloud  systems  over  the  oceans  will  tend  to  fall  in  fairly  regular  patterns 
or  “streets” — even  more  so  than  was  observed  over  the  rough  terrain  in  the  V2  picture. 
The  regularity  of  the  ocean  cloud  systems  in  the  present  sketch  is  probably  exaggerated, 
but  its  breakdown  into  a more  irregular  pattern  over  land  is  believed  to  be  real.  The  cen- 
tres of  the  anticyclonic  or  “high  pressure”  areas  are  marked  by  little  or  no  cloud. 

|27.r>|  This  then  is  the  hypothetical  picture  visible  from  the  4, 000-mile  high  vehicle  over 
Amarillo,  Texas.  Some  of  these  clouds,  such  as  the  Trade  Cumuli,  could  undoubtedly  be 
observed  on  almost  any  day  and  others,  such  as  the  hurricane,  seen  only  rarely.  The 
cyclone  families  would  be  observed  daily,  but  their  location,  the  number  of  individual 
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storms,  si/e  and  intensity  would  vary  geographically.  A meteorologist  given  a clear  picture 
of  the  cloud  distribution,  as  here  portrayed,  could  without  difficulty  sketch  in  a very  use- 
ful weather  chart  showing  location  of  the  various  stormy  and  fair  weather  areas;  in  fact,  he 
would  have  a much  better  idea  of  the  large-scale  weather  distribution  than  his  Earth- 
bound  colleague,  who  is  forced  to  rely  on  scattered  observations  taken  at  or  near  the 
Ear  ill’s  surface. 

As  for  obtaining  two  or  more  “fixes”  on  storms  within  12  hours,  this  would  be  possi- 
ble as  the  vehicle  makes  successive  passages  toward  the  Poles — and  the  closer  to  the  Pole 
the  storm  is  located  the  more  such  fixes  could  be  made.  For  example,  the  large  fully  devel- 
oped storm  depicted  over  Hudson  Bay  would  be  visible  lirst  on  one  leg  of  the  path,  again 
4 hours  later  on  the  next  leg,  and  again  4 hours  later  on  a third  leg.  This  would,  by  refer- 
ence to  known  surface  features,  enable  tracking  of  the  storm  in  the  12-hour  interval.  A 
word  of  caution  is  necessary  since  the  clouds  which  on  one  hand  make  possible  the  visu- 
al identifications  of  the  storm  will  hinder  its  location  with  respect  to  known  surface  fea- 
tures. Nor  would  trying  to  track  the  storm  by  observing  the  edge  of  its  cloud  shield 
necessarily  give  an  accurate  track,  since  the  changing  cloud  pattern  associated  with  such 
large,  usually  dissipating  storms  may  give  spurious  motions,  as  they  form  on  one  side  and 
dissipate  on  the  other.  Thus,  there  will  not  be  too  good  an  accuracy  for  tracking  these 
large  storms,  but  this  is  not  too  important  since  their  speed  of  motion  is  usually  slow  any- 
way. On  the  other  hand,  the  incipient  or  developing  storm,  so  important  for  f uture  weath- 
er developments,  is  faster  moving  and  has  a less  extensive  cloud  system  associated  with  it 
so  that  more  accurate  Fixes  should  be  possible.  The  hurricane,  with  its  cloud  bands,  simi- 
lar to  the  arms  of  a spiral  nebula,  and  its  open  “eye”  at  the  centre,  will  be  a much  easier 
storm  to  detect  and  follow  accurately.  Cloud  systems  associated  with  cold  fronts  and  squall- 
lines will  also  lend  themselves  to  accurate  tracking. 

As  the  days  pass,  however,  and  the  Earth  moves  in  its  orbital  motion  about  the  Sun, 
the  vehicle  will  cross  each  latitude  about  4 minutes  earlier  than  the  preceding  day.  I hus, 
if  motion  northward  is  started  at  noon  on  March  21,  this  will  change  on  June  21  to  6 a.m. 
moving  north,  and  f>  pan.  moving  south;  in  this  case,  the  field  of  view  in  daylight  will  be 
mostly  to  the  east  (going  north)  and  to  the  west  (going  south)  and  the  efficiency  of  the 
vehicle  as  a cloud  patrol  will  have  diminished  considerably.  On  September  21  its  effic  ien- 
cy will  increase  again  as  it  moves  south  at  noon  and  north  at  midnight.  However,  on 
December  21  its  efficiency  will  drop  again — and  to  its  lowest  point  as  far  as  the  Northern 
Hemisphere  is  concerned.  It  will  move  north  at  0 pan.  and  south  at  6 a.m. — hut  because 
of  the  low  solar  declination  at  this  time  and  consequent  lack  of  daylight  hours,  its  usef  ul- 
ness as  a cloud  and  storm  detector  will  be  greatly  impaired.  This  is  a serious  def  ect  because 
the  winter  season  is  the  busiest  period  for  storms  in  the  Northern  Hemisphere.  This  sug- 
gests as  a better  [276|  solution  that  the  preceding  plan,  the  initial  movement  northward 
or  southward  at  noon  on  December  21.  This  will  then  give  optimum  conditions  for  win- 
ter weather  patrol — excluding  the  Arctic  and  some  distanc  e south  where  little  or  no  day- 
light will  prevail. 

This  visual  cloud  reconnaissance  might  be  taken  automatic  ally  by  a television  camera 
in  an  unmanned  vehicle  and  relayed  to  Earth  to  various  collection  centres  for  study,  analy- 
sis and  exchange  with  other  forecast  offices  to  obtain  a truly  global  weather  picture.  If  the 
vehicle  could  be  properly  manned  and  equipped,  then  other  valuable  geophysical  and 
solar  data  could  be  obtained  as  follows: — 

(a)  Temperature  of  the  Earth’s  surface  and  a rough  average  temperature  of  the  inter- 
vening atmosphere  by  observing  the  infrared  spectrum. 

(b)  Precipitation  Areas  (rain,  snow,  etc.)  could  be  detected  by  radar  as  well  as  the 
heights  of  their  formation  above  the  surface;  also  the  height  of  the  freezing  level 
which  shows  as  a bright  band  in  the  radar  scope. 
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(c)  Thunderstorm  Arms — by  location  of  lightning  either  visually  (at  night)  or  elec- 
tronically (at  clay). 

(d)  Solar  Radiation  measurements,  particularly  in  the  ultra-violet,  to  correlate  with 
weather  c hanges  in  an  attempt  to  see  if  unusual  spells  of  weather  arc*  solar-con- 
t n >1 1 c*cl. 

(r)  Albedo  Measurement* — to  keep  a global  account  of  the  day-to-day  changes  in  reflec  - 
tivity of  the  Fai  th’s  surface1  to  solar  radiation  from  the  ground  and  water  surfaces 
(including  snow  and  ice  cover),  clouds,  atmospheric  turbidity.  Long-time  varia- 
tions in  the  Fai  th’s  albedo  could  be  correlated  with  similar  variations  in  climate. 
For  example,  it  has  been  estimated  that  a one-point  drop  in  Fai  th’s  albedo  from 
its  ave  rage  value  of  35  per  cent,  would  lead  to  an  average  world-wide*  warming  of 
1 U.  The  fraction  of  sky  covered  by  clouds  is  of  such  critical  importance  in  albe- 
do changes  that  it  lias  been  estimated  a variation  in  the  average  world  cloudiness 
from  0*1  to  ()•<>  would  explain  the  whole  range  of  climatic  changes — from  ice 
ages  to  the*  intervening  warm  periods. 

(/)  Meteoric  Dust- — sample's  could  be  obtained  to  test  a recently  proposed  theory  that 
these  particles  may  serve  as  cloud-seeding  agents,  thus  causing  increase  s in  rain- 
fall, especially  after  meteoric  showers.  Samples  of  the  dust  to  te  st  in  cold  boxes, 
together  with  measurements  of  their  natural  concentration  would  shed  direct  evi- 
dence on  a problem  whic  h heretofore  has  only  been  possible*  to  treat  statistically. 

In  summary,  it  can  be*  stated  without  question  that  a satellite  vehicle,  moving  about 
the  Fai  th  at  the  proper  height  and  manner  would  be  of  inestimable  value  as  a weather 
patrol  for  short-range  forecasting  and  as  a collector  of  basic  research  information  for  solar 
and  geophysical  studies,  including  long-term  weather  changes  and  c limatic  variations. 

Document  11-2 

Document  title:  S.M.  Greenfield  and  W.W.  Kellog,  “Inquiry  into  the  Feasibility  of  Weather 
Reconnaissance  from  a Satellite  Vehicle,”  The  RAND  Corporation,  R-365,  August  1960, 
pp.  v~vi,  1-23,  31. 


Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

One  of  the  possible  uses  of  an  orbital  satellite  that  Project  RAND  had  addressed  in  its  194  s)  report 
“ Preliminary  Design  of  an  Experimental  World-Circling  Spaceship ” was  predicting  the  weather  fry 
observing  cloud  patterns  on  a large  scale.  Recognizing  the  potential  of  such  a capability , but  unsure 
of  how  useful  cloud  images  alone  would  be  in  predicting  the  weather,  the  Air  Force  commissioned 
Project  RAND  to  conduct  a further  study  to  determine  more  precisely  what  useful  information  could 
be  gained  from  high-altitude  observations.  The  fourteen  figures  accompanying  the  report  are  omitted 
here , but  their  captions  are  included. 
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[ v | SUMMARY 

I'he  value  of  observing  the  weather  over  inaccessible  areas  by  aerial  weather  recon- 
naissance has  been  recognized  for  many  years.  An  alternative  method  of  obtaining  broad 
coverage  of  the  weather,  however,  is  thought  to  lie  in  the  use  of  a special  satellite  vehicle 
which  could  observe  cloud  patterns.  It  is  obvious  that  any  meteorological  reconnaissance 
utilizing  only  observations  from  such  a high-altitude  “eye”  cannot  provide  quantitative  val- 
ues for  the  parameters  normally  associated  with  standard  weather  observation  and  lore- 
casting  techniques.  In  determining  the  feasibility  of  such  a system,  therefore,  the 
questions  that  must  be  answered  are  (1)  What  extent  of  coverage  can  be  expected  f rom  a 
satellite  viewing  system?  (2)  In  terms  of  resolution  and  contrast,  what  can  he  seen  from 
the  satellite?  (8)  Given  proper  coverage  and  resolution,  what  can  actually  be  determined 
regarding  the  synoptic  weather  situation  from  this  information? 

General  considerations  of  ease  of  satellite  launching  and  photographic  coverage  sug- 
gest an  orbiting  altitude  of  850  to  500  mi.  For  the  purpose  of  the  present  study,  however, 
only  the  850-mi  altitude  was  considered  to  any  extent.  At  this  altitude,  a vehicle  would 
have  an  orbital  velocity  of  about  24,870  ft/sec  and  would  make  one  complete  circuit  of  its 
orbit  in  1.6  hr.  Assuming  that  any  regressive  motion  of  the  satellite’s  orbit  owing  to  the 
spatial  motion  and  oblate  shape  of  the  earth  is  corrected  for,  and  that  the  area  it  is  desired 
to  observe  is  in  daylight  during  the  vehicle  passage  for  an  extended  period,  this  area  will 
be  covered  and  televised  in  a grid  fashion  once  every  24  hr.  It  is  visualized  that,  by  means 
of  mechanical  scanning  transverse  to  the  path  of  the  satellite,  a continuous  strip  whose 
width  is  equal  in  order  of  magnitude  to  the  altitude  of  the  vehicle  will  be  viewed.  As  an 
example  of  the  sort  of  coverage  which  could  be  provided  at  middle  latitudes,  with  a satel- 
lite at  a 854. (nil  i altitude  the  fraction  of  the  area  between  45  and  50  latitude  which  can 
be  covered  grid-fashion  with  a 100-mi  wide  scanning  path  in  24  hr  is  one-third,  and  if  the 
width  of  tin*  path  is  increased  to  450  mi,  the  24-hr  coverage  is  complete. 

Utilizing  photographs  from  recent  vertically  fired  rockets  (V-2),  an  estimate  of  the 
dimensions  of  the  smallest  increment  necessary  for  proper  c loud  identification  was  made. 
This  was  found  to  be  approximately  500  ft  and  is  termed  the  “usable  resolution”  in  this 
report:  Entering  fables  1,  2,  and  8,  whic  h give  resolution  versus  contrast  for  various  val- 
ues of  frame  speed,  aper  ture  size,  and  various  types  of  illumination,  showed  that  it  was  pos- 
sible to  obtain  this  value  of  resolution  in  sunlight  illumination  with  contrast  between 


I . Additional  information  c 'one r riling  the  problems  of  satellite  < >prr:tti< m is  ^iven  in  the  RANI)  Report 
RA*  17,  April  1 95 1 (mil  of  print). 
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cloud  and  background  of  less  than  10  per  cent.  An  examination  of  the  albedos  from  typ- 
ical background  objects,  as  presented  in  Fig.  2 . . compared  with  cloud  albedos  seems  to 
indicate  that  10  per  cent  contrast  is  available  over  a wide  range  of  [vi|  possible  cloud- 
ground  and  cloud-cloud  combinations.  This,  therefore,  appears  to  establish  the  feasibili- 
ty of  cloud  identification  from  high  altitudes,  at  least  from  the  standpoint  of  contrast  and 
resolution. 

Owing  to  the  lack  of  quantitative  measurements,  the  clouds  must  be  utilized  to  their 
utmost  in  determining  the  synoptic  weather  picture.  Expe  rience  and  statistical  climato- 
logical values  play  their  part  in  forming  this  picture,  and  t he*  process  involves  a “hunting 
technique”  that  oscillates  between  the  three  main  tools  at  the  analyst’s  command.  Some 
detailed  estimates  of  various  parameters  are  possible  from  the  visual  cloud  characteristics. 
Items,  such  as  moisture  content,  temperature  gradient,  stability,  magnitude  or  direction 
of  vertical  pressure  gradient,  wind  shear,  and  wind  direction!,]  all  show  promise  of  yield- 
ing good  estimates  of  the  ac  tual  values  to  this  type  of  analysis  and  of' helping  to  c larify  the* 
final  estimated  synoptic  picture.  For  any  future  operational  use*,  this  study  has  shown  that 
suc  h things  as  a cloud  atlas  of  c louds  viewed  from  above,  complete  c limatological  materi- 
al on  the*  area  in  question  (including  a possible  statistical  survey  of  fluctuations  from  the* 
normal  of  the*  various  parameters  as  attributed  to  synoptic  systems  and  broken  down  into 
small  regions  of  similar  climate  and  topography),  and  perimeter  weather  will  immeasur- 
ably help  the*  job  of  the  observer  and  analyst.  An  aid  to  getting  a “feel”  for  the  problem 
invoked,  photographs  from  three  rocket  flights  were  analyzed  and  the*  synoptic  situation 
was  estimated.  These  results  and  the*  actual  weather  for  the*  corresponding  times  are  pre- 
sented in  the  section  entitled  “Results  of  Three  Attempts  at  Analysis.  . . In  an  attempt  to 
correlate  further  the  rocket  photographs  with  the  actual  synoptic  pic  ture*.  Dr.  J.  Bjerknes, 
of  U.C.L.A.,  independently  made  an  analysis  of  photographs  taken  on  a flight  on  July  2b, 
1948.  In  this  analysis,  all  other  synoptic  meteorological  data  available*  for  that  date  were 
utilized.  . . . 


[ I | INTRODUCTION 

The  foundation  of  all  meteorological  forecasting  systems  is  the*  weather-observing  net- 
work. Whether  the  forecast  is  “local”  or  for  the  entire  Northern  Hemisphere,  the  starting 
point  must  be  an  appraisal  of  the  synoptic  weather  picture.  Since  storm  systems  at  middle 
latitudes  generally  move  from  west  to  east,  a meteorologist  who  does  not  have  good  obser- 
vations from  a rather  wide  area  (particularly  to  the  west)  is  at  a disadvantage;  and  such  is 
often  the  c ase*  for  coastal  regions,  since  weather  reporting  over  the  oceans  is  often  inade- 
quate. 

Although  ship  reports  and  weather  reconnaissance  by  aircraft  help  to  some  extent  to 
fill  the*  gap,  there  has  long  been  a need  for  extending  weather  observations  over  the 
oceans  and  inaccessible  areas.  A solution  to  this  problem  may  lie  in  weather  observations 
made*  by  means  of  a television  camera  placed  in  an  unmanned  satellite  vehicle.  Such  a 
method  has  the  advantage  of  providing  a means  of  observation  of  the  over-all  picture  of 
the*  wide-scale  weather  situation  that  is  lacking  in  normal  daily  weather  observations,  and 
should  give  new  insight  into  the  behavior  of  the  atmosphere. 

It  is  obvious  that  in  observing  the  weather  through  the  “eye*”  of  a high-altitude  robot 
almost  all  of  the  regular  quantitative  measurements  usually  associated  with  meteorology 
must  fall  by  the*  wayside.  It  is  impossible*  to  make  more  than  an  intelligent  guess  at  the*  val- 
ues of  temperature,  pressure,  humidity,  and  the  remaining  quantitative  meteorological 
parameters.  Because  of  this,  the  analyst  must  rely  on  the  visible  components  of  meteorol- 
ogy to  ascertain  to  some  usable*  degree*  the  synoptic  weather  situation. 
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Clouds,  being  the  objects  most  easily  discernible  from  extreme  altitudes,  become  the 
important  item  and  must  be  utilized  to  the  utmost  in  forming  a synoptic  picture.  It  is 
apparent  that  from  clouds  alone  it  will  be  impossible  to  tell  everything  about  the  current 
synoptic  situation.  Combined,  however,  with  both  theoretical  knowledge  and  that  gained 
through  experience,  an  accurate  cloud  analysis  can  produce  surprisingly  good  results. 

The  purpose  of  this  report  is  to  present  methods  of  attack  on  the  above  problem,  to 
show  what  maybe  actually  seen  from  high-altitude  photographs  (primarily  a discussion  on 
necessary  resolution  and  area  coverages),  to  discuss  what  may  be  determined  from  the  se 
photographs  (both  directly  and  indirectly),  and  to  give  some  results  obtained.  Although 
all  the  present  analysis  is  based  on  data  obtained  from  vertically  fired  rockets,  the  experi- 
ence gained  therefrom  permits  recommendations  on  possible  methods  of  forming  a syn- 
optic picture  from  satellite-missile  photographs. 

1 2 1 THE  SATELLITE  VEHICLE 

Owing  to  the  ever-changing  pattern  of  the  atmosphere,  the  need  for  almost  constant 
surveillance  must  be  foremost  in  any  plan  to  trace  synoptic  weather  situations.  Any  vehicle 
designed  for  such  a purpose  must  therefore  have  the  ability  to  make  many  trips  over  the 
area  in  question.  These  traverses,  moreover,  must  be  made  in  such  a fashion  that  they  not 
only  cover  a representative  portion  of  the  area,  but  also  complete  their  cycle  often  enough 
to  enable  an  observer  to  notice  any  significant  change  or  shift  in  the  cloud  systems. 

Such  a vehicle  is  the  satellite.  Flying  high  above  the  sensible1  part  of  the  atmosphere*, 
so  that  atmospheric  drag  becomes  negligible,  the  satellite  becomes  an  unparalleled  instru- 
ment for  weather  reconnaissance  when  scope  of  view  is  considered.  For  the  purpose  of 
simplicity,  all  calculations  and  performance  considerations  in  this  report  will  be  based  on 
a satellite  assumed  to  be  circling  the  earth  at  an  altitude  of  about  850  mi.-  At  this  altitude 
such  a vehicle'  would  have  an  orbital  velocity  equal  to  24,870  ft/sec1  and  would  make  one 
complete  circuit  of  its  orbit  in  1.0  hr.  Also,  because  of  the  fact  that  this  missile  is  theoret- 
ically moving  in  a stable  orbit  around  the  earth,  the  globe  turning  under  the*  vehicle  caus- 
es the  trajectory  of  the  satellite  to  appear  to  “creep”  over  the  face  of  the1  earth,  thereby 
increasing  the  area  observed/'  Depending  on  the  ef  ficiency  of  the  power  plant,  the  older 
of  magnitude  of  the  time  period  for  which  the  vehicle  could  be  kept  operating  is  thought 
to  be  1 yr.  However,  in  attempting  to  decide  the  satellite's  full  worth  for  weather  recon- 
naissance, the  questions  that  must  be  considered  are  as  follows:  Can  enough  be  seen  from 
such  altitude  to  enable  an  intelligent,  usable,  weather  (cloud)  observation  to  be  made, 
and  what  can  be  determined  f rom  these  observations? 


2.  /hid. 

3.  The  ac  tual  altitude  to  which  these  figures  apply  is  3:54. b mi. 

t The  ac  tual  velocity  of  a projection  of  the1  satellite's  image  over  the-  lace  of  the  globe1  is  reallv  a vari- 

able- resulting  from  tlu*  change  in  angular  velocity  from  latitude-  circle-  to  latitude-  circle*. 

:».  It  should  he-  noted  that  the*  concept  of  “re-pe-titivc  traverses”  is  in  itself  c omplicated  in  that,  regard- 
less of  the  stability  of  the  satellite  orbit,  the  spatial  inove-me*nt  and  the  oblate  shape  of  the  earth  impart  a regres- 
sive motion  to  the-  vehicle*  relative*  to  fixed  points  on  the*  earth,  from  a satellite  at  approximately  350-mi  ahilude* 
in  an  orbit  se*t  tangent  to  a latitude  of  ,5b  , 78  days  will  he  required  lot  it  to  appear  twice  over  the*  same  point  on 
earth  at  exactly  the*  saint*  time.  This  regressive-  motion  can  be-  partially  corrected  by  an  adjustment  of  the  spee*d 
(through  altitude*  c hange)  of  the  satellite.  It  fuitliiT  imparts  a limitation  on  successful  viewing  in  that  for  approx- 
imately half  of  the  78-day  period  (assuming  12  hr  of  photog?  aphable  lime  out  of  every  24)  (lie  desired  area  will 
have  night  at  the  time  ol  the*  sale*llile* \s  passage.  For  a complete-  discussion  of  regression  of  the  orbit,  the-  inter- 
ested! reader  is  referre  d to  RANI)  Report  R-217  (se*e*  footnote  1 . . .). 
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I * I WHAT  CAN  BE  SEEN 

Naturally,  any  estimate  of  the  amount  that  c an  1h-  seen  from  an  extreme  altitude  must 
be  a func  tion  of  both  tin*  resolving  power  of  the  camera  system  and  the  area  that  c an  be* 
sc  anned  and  recorded  (or  televised)  and  still  retain  usable*  data.  Muc  h of  the  discussion 
and  most  of  the  figures  in  this  section  are  the  result  of  previous  RANI)  studies  conducted 
by  Dr.  R.  S.  Web  nor. 


AREA  COVERAGE 
Fig.  1 — Viewing  system 


Using  the  relation  (sec*  Fig.  1) 


W-  w = 2 tan  ay 
V d 2 

where  W-  sensitive  element  width,  in. 

w=  width  of  surf  ace  pictured  per  f rame,  mi. 

F = focal  length  of  camera,  in. 
d = optical  range,  mi. 
a ~ angle  of  view,  deg., 

and  using  Tables  1, 2,  and  3,  it  is  possible*  to  compute  the  width  of  square  surface  viewed 
and  the  angle  of  view  for  any  given  camera  and  aperture.  This  has  been  done  and  is  sum- 
marized in  I able  4.  As  can  he  seen,  if  a limiting  resolution"  of  f>()0  ft  is  [4J  set,  it  is  still  pos- 
sible* to  obtain  this  resolving  power  under  sunlight  illumination  with  a contrast  as  low  as 
2.5  per  cent  (with  a 5.0-in.  aperture).  Under  moonlight,  however,  this  resolution  is  possi- 
ble only  with  100  per  cent  contrast,  a very  fast  1/1. 4 lens,  and  a minimum  exposure  time 
of  0.25  sec;  under  light  of  the  night  skv  illumination  it  is  not  possible  at  all.  Assuming, 
then,  that  the*  chosen  limiting  resolution  is  correct,  the  probability  of  obtaining  identifi- 
able cloud  photographs  under  any  but  sunlight  illumination  appears  to  be  small. 


t*  I fit-  Iron  limiting  resolution,  as  used  in  the  television  Held,  refers  to  the  greatest  possible  resolu- 
tion attainable  by  a given  I V pick-up  tube  and  is  wholly  dependent  on  tin-  structural  make-up  of  the  tube  itself 
As  used  in  this  report,  limiting,  minimum,  or  usable  resolution  is  a quantity  depending  on  scene  contrast  signal- 
lo-noise  ratio,  aperture,  f number  of  camera,  etc.,  and  is  chosen  to  pick  up  the  smallest  object  that  it  is  desired 
to  view'. 
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Table  1* 

RESOLUTION  OF  CLOUDS  BY  SUNLIGHT 

(linage  orthicon  1/10  camera  operated  at  2<):1;+  signal-to-noise  ratio 
at  rates  of  40,  10,  and  4 exposure  frames/sec;  and  a satellite  height  of  350  mi) 

Minimmn  Resolvable  Surface  Dimension 


('on  Hast 

Aperture 

40  Frames/Sec 

10  Frames/Sec 

4 Frames/Se 

(%) 

(in.) 

(h) 

(ft) 

(ft) 

100 

0.5 

200± 

100± 

04  ± 

1.0 

100± 

50± 

32  ± 

2.0 

50± 

25  ± 

10± 

5.0 

20± 

10± 

0± 

25 

0.5 

800 

400± 

250± 

1.0 

400 

200 ± 

1 25± 

2.0 

200 

100± 

04± 

5.0 

80 

40± 

25± 

10 

0.5 

2,000 

1 ,000 

040 

1.0 

l ,000 

500 

320 

2.0 

500 

250 

100 

5.0 

200 

100 

04 

2.5 

0.5 

8,000 

4,000 

2,500 

1.0 

4,000 

2,000 

1 ,250 

2.0 

2,000 

1 ,000 

040 

5.0 

800 

400 

250 

l 

0.5 

20,000 

10,000 

0,400 

1.0 

10,000 

5,000 

3,200 

2.0 

5,000 

2,500 

1 ,000 

5.0 

2,000 

1,000 

040 

* The  material  contained  in  this  table  was  prepared  by  Dr.  R.  S.  VVehner  and  is  includ- 
ed in  RAND  Report  R-217  (see  footnote  1 . . .). 

+ It  should  be  noted  that  this  table  (and  also  Tables  2 and  3)  is  unrealistic  in  that  the 
20:1  signal-to-noise  ratio  is  applicable  only  to  25  per  cent  contrast.  For  10  per  cent 
contrast,  a signal-to-noise  ratio  of  50:1  is  required.  This  would  mean  a requited  trans- 
mitter power  increase  by  a factor  of  2.5  (assuming  a 2-in.  aperture  1000  TV  lines,  and 
a frame  frequency  of  10  sec).  This  is  still  not  prohibitive  but  does  become  so  with  a 
substantial  increase  in  either  the  number  of  TV  lines  or  the  frame  frequency. 

± Values  of  computed  resolution  smaller  than  realizable  with  present  commercial  image 
orthicons. 
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5|  Table  2* 

RESOLUTION  OF  CLOUDS  BY  SECOND-  AND  THIRD-QUARTER  MOONLIGHT 


(Image  orthicon  171.1  eamera  operated  at  20:1;  signal-to-noise  ratio 
at  rates  of  40,  10,  and  4 exposure  Irames/sec;  and  a satellite  height  of  850  mi) 

Minimum  Resolvable  Surface  Dimension 


( Contrast 

Aperture 

40  Frames/Sec 

10  Frames/Sec 

4 Frames/Sec 

(%) 

(in.) 

(II) 

(ft) 

(ft) 

100 

5 

1.08 

0.54 

0.34 

10 

0.54 

0.27 

0.17 

20 

0.27 

0.14 

0.09 

25 

5 

4.32 

2.10 

1 .30 

10 

2. 10 

1.08 

0.08 

20 

1.08 

0.54 

0.34 

10 

5 

10.8 

5.4 

3.4 

10 

5.4 

2.7 

1.7 

20 

2.7 

l .35 

0.85 

* Ihe 

material  contained  in  this  table  is  included  in 

Table  3* 

RAND  Report  R-21 

7 (see  footnote  1 . . 

RESOLUTION  OF  CLOUDS  BY  LIGHT  OF  THE  NIGHT  SKY 

(Image  orthicon 

f/0.7  camera  operated 

at  20:1;  signaI-to-noi.se  ratio 

at  rales  of  40,  10,  and  4 exposure  frames/ sec;  and  a satellite  height  of  850  mi) 

Minimum  Resolvable  Surface  Dimension 

Contrast 

Aperture 

40  Frames/Sec 

10  Frames/ Sec 

4 Frames/Sec 

(%) 

(in.) 

(ft) 

(ft) 

(ft) 

100 

10 

4.3 

2.15 

1.30 

20 

2.15 

1.08 

0.08 

40 

1.08 

0.54 

0.34 

25 

10 

17.2 

8.0 

5.4 

20 

8.0 

4.3 

2.7 

40 

4.3 

2.15 

1 .30 

10 

10 

43.0 

21.5 

13.0 

20 

21.5 

10.8 

0.8 

40 

10.8 

5.4 

3.4 

* 


The  material  contained  in  this  table  is  included  in  RANI)  Report  R-217  (see  footnote  1. . 
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[<>]  Table  4 

POSSIBLE  PERFORMANCE  CAPABILITIES  FOR  VARIOUS  IMAGE  ORTHICON 
CAMERAS,  TAKING  INTO  ACCOUNT  ILLUMINATION  SOURCES 

Ratio  of  Focal  Approx.  Minimum  Computed  Width 


I .rngtli  to  April  in  i* 

Contrast  Necessary 

( 

[ Computed  Angle 

of  Square  Surface 

Diameter,  and 

Foe  al 

to  (iive  at  beast 

Maximum 

ot  View  ol 

Viewed  in  F.arli 

Illumination  Aj 

irrt  urc 

I ‘‘i'K«li 

500-Fl  Resolution 

Number  ol 

F.arli  Frame 

Frame-f 

So  met** 

(in.) 

(in.) 

(%) 

Frames  Sec 

(deg) 

(mi) 

1 10  cameTa, 

0.5 

5 

25 

10 

1 1.44 

7o 

clouds 

1.0 

10 

10 

10 

5.74 

35 

illuminated  by 

2.0 

20 

10 

■10 

2. Kb 

i 7.5 

sunlight 

5.0 

50 

2.5 

10 

1.14 

7 

1/1.4  camera. 

5 

(•) 

(t) 

(0 

(1) 

«) 

clouds 

10 

0) 

(i) 

(I) 

(1) 

O 

illuminated  bv 

20 

2K 

100 

1 

2.05 

1 .25 

2nd-  and 

3rd-quarteT 

moons 

f/0.7  camera,  ...  (**)  (**)  (**)  (**)  (**) 

light  of 
night  sky 
illumination 

NOTE:  For  the  purpose  of  computation,  in  the  relation  written  on  p.  3: 

W =width  of  the  target  in  inches,  which  is  taken  to  he  equal  to  1 in.,  the*  si/e  of  the 
commercial  RCA  image  orthicon  target 

(l  = optical  range,  which  is  taken  to  be  equal  to  350  mi  (the  height  of  the  satellite). 
All  computations  made  assuming  a minimum  signal-to-noise  ratio  of  20:1. 

* All  cameras  mentioned  hen-  refer  to  those  using  an  image  orthicon  tube. 

+ Since  the  curvature  of  the  earth  was  not  taken  into  account,  the  figures  in  this  col- 
umn arc*  lower  than  the  actual  figures. 

1 No  resolution  oflhe  order  of  500  ft  or  less. 

**  No  resolution  of  the  order  of  500  ft  or  less,  regardless  of  aperture. 

[ 7 1 Calculations  must  also  be  performed  to  arrive*  at  the*  possible*  area  coverage.  Since  it 
is  apparent  that  cloud  observations,  to  be*  at  all  useful,  have  to  be*  made  over  a wide- 
enough  strip  (at  least  as  wide  as  the*  height  of  the*  satellite),  it  should  be*  conside  red  that 
the*  camera  will  be*  mechanically  scanned.  This  may  be*  accomplished  by  means  of  a 45 
plane  mirror  rotatable  about  the  axis  of  the  camera.  The  minor  actually  dews  the  “look- 
ing" and  scanning  for  the  c amera,  which  is  mounted  horizontally,  its  axis  being  parallel  to 
the  axis  of  the  missile.  Taking  a sequence  of  20  nonoverlapping  f rames  will  produce  a strip 
350  mi  long,  transverse  to  the*  trajectory  of  l lie*  sate  llite*,  and  17.5  mi  wide*.  If  the  camera  is 
set  to  take  5 frames/ sec  and  the  rotatable  mirror  is  fixed  with  a fast  snap-hack  device,  the* 
svste*m  will  then  be*  in  positiem  to  take  a second  strip  by  the*  lime*  the*  satellite*  has  moved 
ahead  approximately  17.5  mi  relative  to  the*  e*arth.  (The*  speed  oflhe  missile  relative  to  the 
earth’s  surface*  is  about  4.4  mi/sec.)  This  will  produce*  a continuous  350-mi-wide  strip 
around  the  earth  with  each  complete  IravcTse  of  the*  missile*. 
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u*  daylight  camera  with  an  i/10  lens  and  an  image  ortliicon  television  tube!  1 and 
whos*-  performance'  is  summarized  in  Table  4,  should  have  a 2-in.  objective  to  give  the 
|»|()|M  I ground  coverage  per  frame.  I his  combination  allows  a 500-ft  object  to  be  resolved 
vvith  only  10  per  cent  contrast,7  which  is  reasonably  small.  It  should  be  emphasized  that 
these  figures  are  presented  here  merely  to  give  some  examples  of  performance  of  viewing 
systems  and  not  as  a description  of  the  optimum  system  performance. 

Some  calculations  of  the  efficiency  of  coverage  of  an  inaccessible  area  such  as  an  moan 
weic  also  made  by  direct  measurements  (assuming  different  strip  widths)  on  a grid  map  On 
this  map  were  projected  complete  cycles"  of  traverses  for  two  proposed  satellite  trajectories 
Once  again,  c urvature  of  the  earth  was  neglected.  The  results  obtained  are  as  follows: 

I.  For  a satellite  with  24-hr  complete  cycle  (354. 6-mi  altitude,  angular  velocity  15 
times  that  of  earth,  and  trajectory  tangent  to  lat.  5(>'N.) 


Assuming  a 100-mi-wide  scanning  band  (50  mi  on  cither  side  of  path):  In  the  vicinity  of 
lat.  4:>  -50  N„  we  find  that  in  24  hr  the  surface  has  been  covered  in  a grid  fash- 
ion such  that  about  one-third  of  its  area  has  been  scanned  and  presumably  tele- 
vised.  ' 


Assuming  a 200-mi-wide  scanning  band  (100  mi  on  either  side  of  path):  As  may  be 
expected,  doubling  the  scanning  band  does  not  quite  double  the  area  covered 
Hus  is  owing  to  some  overlapping  of  the  bands.  (It  can  be  shown  that,  [8|  to 

(over  the  area  completely,  a scanning  band  approximately  450  mi  in  width  is 
needed.) 


Asa  result  of  the  grid-like  coverage,  the  100-mi-wide  hand,  at  its  worst,  should  pick 
up  at  least  portions  of  the  largest,  most  active  weather  disturbances  and  enough 
o ,lu*  remaining  cloud  coverage  to  orient  the  system  in  relation  to  the  ground. 

2.  For  a 48-hr  complete  cycle  (altitude  458.8  mi,  angular  velocity  14.5  times  that  of 
the  earth,  and  trajec  tory  tangent  to  lat.  5b°N.) — 


Assuming  a 100-mi-undr  scanning  band  (50  on  either  side  of  path):  In  the  vicinity  of  lat . 

’>  ^lat  *n  48  hr  it  has  been  covered,  grid  fashion,  so  that  rwo- 

t nrds  of  its  area  has  been  scanned  and  presumably  televised.  (It  can  be  shown 

I1 t]W  ar<  i<  <<)mP,ctdy  in  a 48-hr  cycle,  a scanning  hand  approximate- 
ly nn  in  width  should  be  required.) 


I he  results  so  obtained  give  an  idea  of  the  areas  which  can  be  covered  (or  scanned) 
horn  a vehicle  in  an  orbit  350  mi  above  the  surface  of  the  earth.  The  350-mi-wide  strip  dis- 
( ussed  m the  first pari  of  this  section  will  therefore  cover  in  24  hr  a large  percentage  of  the 
.in. i ><  twe  ( ii  1.)  N.  and  50  N.  with  considerable  overlapping  of  scanning,  particularly 


I - II  lhl'  and  contrast  represents  the  maximum  needs  of  satellite  weather  observation  This 

frz:1 w,Mn  ,/,° l<ns  wi,h  a -■  «'"'«•«  - <- 

H Initially.  111.,  tiajcitory  of  the  satellite  is  set  tangent  to  a Riven  latitude . Owing  to  the  relative  dilfcr- 
ern  e ,n  1 he  align  a.  veined, cs  between  the  satellite  and  the  earth  and  to  the  relative  stahilitv  of  the  orbit  oft  he 

lakes  to,  .'Ii  VV  ‘ ,S  m''rTrV  WT*  "'‘T"  ov‘  r "’<■  <>''  'lie  globe.  A complete  rvrlc  is  the  lime  i, 

I1  "■■{'■'  ",l  v ,hr  salt'llne  once  again  to  heeoine  tangent  to  the  original  |,oint.  (This  “creep"  c auses 

the  traverses  to  heeoine  more  widely  dispersed  as  the  Irajee lor y approaches  the  equator.) 

l>‘" Cttage  of  the  area  should  he  covered  in  the  'J  l hr  trajeetorv.  and  almost  all  should  he 
s*  ill 1 1 1<*< I 111  ihc  IH-hi  Ii  itj<  ( tin  v. 
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around  the  With  parallel.  In  any  event,  the  coverage,  as  mentioned  here,  if  achieved  with 
any  measure  of  success,  should  produce  good  weather  reconnaissance  results. 

RESOLUTION  AND  LIMITING  CONTRASTS 


Since  it  is  now  obvious  that  clouds  will  he  the  chief  meteorological  element  directly 
observable  from  high  altitude  photographs,  it  must  be  ascertained  how  closely  these  clouds 
may  he  identified  and  what  may  he  determined  from  them,  either  directly  or  indirectly 

Vs  can  be  seen  from  fables  1 . 2,  and  3,  when  a set  of  conditions  such  as  aperture  illu- 
mination, exposure  time,  and  focal  length-aperture  diameter  ratio  ol  a given  camera  have 
been  established,  the  remaining  factor  for  determination  of  the  minimum  resolution 
attainable  is  the  contrast  value.  In  cloud  photography  of  the  type  to  be  attempted  from 
the  satellite,  one  is  unable  to  choose  the  surrounding  photographic  conditions,  fcatmes 
such  as  background,  lighting  at  time  of  observation,  etc.,  are  examples  oi  the  uncon- 
trolled variables,  and,  as  a consequence,  any  system  ol  data  gathering  by  pbotogiaphic 
means  must  be  flexible  enough  to  give  adequate  results  over  a wide  range  of  limiting  1 tu  - 
tors The  question  is:  If  the  camera  and  optical  system  are  chosen,"'  and  if  the  vat  tons  con- 
ditions of  lighting,  background,  etc.,  are  assumed  to  remain  within  the  limits  providing 
[9]  usable  resolution,  will  the  resulting  limiting  contrast  values  still  enable  one  to  obsei  ve 

the  weather  under  a wide-enough  range  of  actual  conditions.-  „ 

Before  endeavoring  to  answer  this  question  it  is  desirable  to  define  the  term  usable 
resolution  " It  was  thought  that  details  of  cloud  structure  as  small  as  several  hundred  feet 
in  diameter  might  possess  significance  when  an  attempt  was  made  to  form  a synoptic  pic- 
ture by  means  of  cloud  analysis.  This  was  borne  out  when  high-altitude  rocket  pho- 
tographs were  examined.  Further  reasons  for  asserting  this  to  be  the  appropriate 
minimum  size  to  be  resolved  were  found  when  a simple  test  was  conducted  on  these  |>ho- 
tographs.  (The  heights  at  which  these  pictures  were  taken  varied  between  of)  and  /(>  mi.) 
Using  an  adjustable  viewer,  the  photograph  was  taken  slowly  out  of  focus  until  it  was 
impossible  to  identify  definitely  the  forms  of  clouds  other  than  by  saving  that  they  were 
widespread  or  were  in  small  clusters.  For  example,  beyond  this  point  it  was  impossible  to 
distinguish  between  closely  packed  cumulus  and  a deck  of  altocumulus,  and  also  between 
i dense  layer  of  stratus  or  allostratus  and  the  fibrous  texture  oi  en  rostratus.  A study  ol 
other  parts  of  the  photograph,  where  recognizable  or  measurable  objects  were  located  at 
ranges  about  equal  to  those  of  the  clouds,  showed  that  the  limiting  resolution  at  w hich  the 
clouds  lost  their  distinguishabilitv  was  from  500  to  1000  ft.  This  is  what  is  meant  by  “usable 
resolution.”  As  may  be  imagined,  this  is  at  best  only  a rough  approximation,  but  because 
of  its  apparent  agreement  with  previously  estimated  values  it  should  serve  very  well  as  a 

working  basis.  , 

It  was  mentioned  above  that  in  order  to  obtain  a known,  usable  resolution,  once  the 

camera  and  lighting  conditions  are  chosen,  tin*  limiting  contrast  value  must  also  be  spe<- 


H)  Previous  studies  at  RAND  have  shown  that  one  of  the  best  available  television  cameras  lor  use  m the 
satellite  would  he  one  employing  an  imap  <>rthitv»  fnck-nf,  tut * The  c haraelenst.es  of  this  tube  approach  those  o 
i he  human  eye  over  part  of  its  operating  range,  it  has  a greater  sensitivity  than  earlier  types,  and  11  is  capable  o 
stable  operation  without  adjustment  over  a wide  range  of  illumination  intensity.  Since  it  is  not  ihe  pmposc  of 
this  report  to  delve  too  deeplv  into  the  technical  aspects  of  the  the  problems  of  a television  viewing  s>stem,  onl> 
results  of  resolution  computation  ol  the  image  orthicon  tube  are  presente  d here.  I hese  are  summed  up  ... 
Tables  1 *>  and  3.  For  technical  information  and  equations  involved,  see  R.  B.  James,  R.  F.  Johnson,  and  . > . 
Moore,  RCA  fttw  Vol.  10  July  19-19,  pp.  191-223;  and  A.  Rose,  “Television  Pickup  lubes  and  the  I roblem  of 
Vision,"  Advnmrs  in  Khrtwnxs,  Vol.  1,  Academic  Press.  New  York.  19  IS. 
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ificd.  It  is  obvious  that  if,  for  various  combinations  of  cloud-ground  and  cloud-cloud, 
albedo  differences  arc*  such  that  their  contrast  values  fall  below  the  limiting  contrast,  these 
combinations  cannot  be  observed  by  high-altitude  weather  reconnaissance. 

Hevvson,  in  an  article  in  a meteorological  journal"  and  in  his  book  (written  in  col- 
laboration with  Longley)  on  theoretical  and  applied  meteorology/*  calculated  and  tabu- 
lated diffuse-reflection  coefficients  for  clouds  of  various  thicknesses.  In  doing  so,  as  a 
result  of  the  extensive  variation  of  cloud  liquid-water  densities  and  cloud  droplet  radii,  he 
was  forcer  I to  (boost*  one  set  of  values  for  these  two  parameters.  Those  on  which  his  fig- 
ures are  based  are  a density  of  1.0  gm  of  liquid  water  per  cubic  meter  of  cloud  and  a 
droplet  radius  of  5 X 10-4  cm.  Owing  to  the  fact  that  these  values  probably  apply  to  a large 
percentage  of  the  usable  clouds  observable  from  extreme  altitudes,  they  may  be  reason- 
ably 1 10]  employed  in  making  estimates  for  this  study.  These  values  are  plotted  in  Fig.  2, 
the  ordinate  and  abscissa  being  contrast  and  background  albedo,  respectively.  Each  curve 
represents  a particular  albedo  applicable  to  a particular  cloud  thickness.  According  to  the 
definition  of  contrast , 


<■= 

i), 

where  l%-  brightness  (albedo)  of  the  brightest  thing  viewed  (either  objec  t or  background) 
Pd  = brightness  of  darkest  object  viewed  (albedo) 

(1  = contrast  between  the  two. 

From  tin*  above  definition,  each  curve  may  be  represented  by  the  following  relation: 

{1  - Afp  for  Ah<  At 

\ 

C|  = <>,  for  Ah=A, 

1 1 - Af,  for  Ajf  > A ( 

Aft 


where  (>  = contrast  between  object  and  background 
Aft=  albedo  of  background 
Af  - albedo  of  clouds  of  various  thicknesses. 

It  is  therefore  seen  that,  except  for  the  small  range  of  albedo  combinations  around 
the  point  of  discontinuity  on  the  curves,  a large  majority  of  possible  cloud-background 
albedo  combinations  fall  within  the  range  of  at  least  10  per  cent  contrast.  As  can  be  seen 
from  Table  1,  assuming  at  least  a 2.0-in.  aperture  and  sunlight  illumination,  an  f/10  cam- 
era will  permit  at  least  10  per  cent  contrast  for  approximately  500-0  resolutions.11  Table  5 


11.  K YV.  Hevvson,  Quart,  j.  Roy.  Met  Sor.,  Vol.  69  (1943),  p.  47. 

1 2.  K.  YV.  Howson  and  R.  YV.  Longley,  Meteorology,  Theoretical  and  Applied,  John  Wiley  He  Sons,  Inc.,  New 
York,  1941,  pp.  73-75. 

13.  I sing  the  equation  (for  altitude  of  350  mi) 

C = 1600 

fi<‘  ■ f 

where  (1  = contrast 

a = aperture 

/ =•  exposure  time  (or  time  of  one  frame) 
g^  minimum  resolvable  surface  dimension, 

it  is  possible  to  calculate  (lie  contrast  (minimum)  needed  to  obtain  at  least  500  0 resolution  under  (lie  condi- 
tions given  in  (In*  example  of  ground  coverage  which  assumed  full  daylight  illumination.  Ibis  value  turns  out  to 
be  3.56  per  cent.  Owing  to  the  unrealistic  power  requirements  necessary  to  transmit  3.56  per  cent  contrast,  this 
value  has  been  raised  to  10  per  cent. 
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. . . gives  the  albedos  lor  various  ground  covers.  Applying  these  values  to  Fig.  2,  it  can  be 
seen  that,  except  for  the  case  of  newly  fallen  snow  combined  with  clouds  thicker  than 
600  meters  and  the  case  in  which  the  background  albedo  approaches  very  close  to  cloud 
albedo,  500-ft  resolutions  are  obtainable  over  a wide  range  of  conditions. 

There  is  one  other  factor  that  might  limit  contrast  and,  therefore,  resolution.  This  is 
aerial  ha/e  between  the  camera  and  the  ground.  As  has  recently  been  shown  in  several 

[11]  [original  placement  of  “Fig  2 — Available  contrast  with  varying  cloud  and  background 
albedos”]  V-2  photographs,  this  problem  is  almost  completely  solved  by  use  of  an  infrared 
filter  in  the  optical  system. 

Fig.  2 — Available  contrast  with  varying  cloud  and  background  albedos 

From  the  foregoing  section  we  may  conclude  that,  from  the  standpoint  of  area  cov- 
erage and  resolution,  weather  observations  from  a satellite  are  a definite  possibility. 

[12]  Table  5* 

SURFACE  ALBEDO  AND  SCENE  CONTRAST  OF  CLOUDS 
AGAINST  VARIOUS  BACKGROUND  SURFACES 


Ground  Surface 

A!bedo+ 

References1 

Fresh  snow 

.80-.  93 

1 , 3,  4 

Old  snow,  sea  ice 

.40-4)0 

3,  4 

Brown  soil 

.32 

1 

Grass 

. 10-.33 

4 

Green  leaves 

.25 

1 

Sandy  loam 

.24 

2 

Sand 

.13-/18 

3 

Asphalt  paving 

.15 

2 

Dry  earth 

.14 

4 

Rock 

. 1 2-.  1 5 

4 

Moist  earth 

.08-.09 

2,  4 

Cultivated  soil,  vegetable 
Smooth  sea  surface 

.07-. 09 

3 

Solar  elev  5 deg 

.40 

3 

Solar  elev  1 0 deg 

.25 

Solar  elev  20  deg 

.12 

Solar  elev  30  deg 

.06 

Solar  elev  40  deg 

.04 

Solar  elev  50-90  deg 

.03 

* This  table  was  prepared  by  Dr.  R.  S.  Well  tier  and  is  included  in  the  RANI)  gener- 
al report  on  the  satellite  (see  footnote  1 . . .). 

* Values  of  albedo  apply  to  illumination  by  “white”  light  or  sunlight. 

± References: 

L International  Critical  Tables , 1929  ed.,  Vol.  5,  p.  262. 

2.  Handbook  of  Chemistry  and  Physics,  1942  ed.,  pp.  2147-2148. 

3.  If.  Landsberg,  Handbook  of  Meteorology,  McGraw-Hill  Book  Company,  Inc., 
New  York,  1945,  p.  982. 

4.  J.  Charney,  Handbook  of  Meteorology,  McGraw-Hill  Book  Company,  Inc.,  New 
York,  1945,  p.296. 
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| 15|  LIMITATIONS  OF  THE  ANALYSIS 

It  is  a known  Cart  1 1i al  the  reliability  of  any  form  of' synoptic  meteorological  analysis 
depends  on  the  experience  of  the  analyst.  An  analysis  of  the  type  dealt  with  in  this  report 
is  no  exception.  If  anything,  it  is  even  more  dependent  on  analytical  experience  because 
of  the  sparseness  of  data  and  the  difficulties  in  interpretation.  To  date,  the  meteorologi- 
cal cloud  atlas  has  been  built  up  almost  entirely  from  ground  observations.  The 
changeover  to  “looking  down”  upon  the  clouds  means  that  the  dominant  features  which 
served  to  identify  types  of  clouds  when  observed  from  the  ground  are  no  longer  to  be 
seen.  The  halo  and  corona  that  served  so  well  lo  classify  cirrostratus  and  alloslratus, 
respectively,  are  absent.  Also,  the  upper  surface  of  large  scale  cloud  decks  is,  for  the  most 
part,  completely  different  in  appearance  from  the  lower  surface.  Therefore  a completely 
new  concept  of  cloud-identification  features  must  be  formed,  and  only  those  experienced 
on  these  new  concepts  will  be  able*  to  make  an  intelligent  analysis. 

There  is  also  danger  of  an  incorrect  interpretation  of  the  c ause  for  the  clouds,  which 
might  lead  to  a completely  erroneous  analysis,  fake,  for  example,  ihe  case  in  which  the 
entire  picture  under  consideration  exhibits  one  complete1  deck  of  c louds.  In  this  case  the1 
dec  k of  c louds  might  be1  stratus  caused  by  radiational  cooling  and  so  might  constitute  an 
entirely  local  phenomenon.  An  analyst  looking  at  this  situation  might  jump  to  the1  con- 
clusion that  the  clouds  in  question  were  of  frontal  origin,  possibly  altostratus,  and  might 
forecast  accordingly.  It  is  evident  that  a forecast  made  f rom  suc  h an  erroneous  assumption 
of  the  cause  would  be  completely  incorrect.  (Methods  of  attack  on  this  problem  of  analy- 
sis are*  treated  more1  fully  in  a later  section  of  this  report..) 

There  are  also  many  definite  advantages  to  be  gained  in  the  analysis  of  weather  by  this 
method;  chief  among  these  is  the  fact  that  extremely  large  areas  may  be  visually  observed 
in  a relatively  short  period  of  time.  The  disadvantages  of  large  gaps  (between  stations)  on 
the  usual  weather  map  and  the  comparatively  limited  field  of  view  of  each  ground  observ- 
er arc*  eliminated.  What  is  obtained  is,  in  effect,  the  cloud  pattern  integrated  over  a wide 
area.  From  many  points  of  view  this  is  highly  desirable,  owing  to  the  fac  t that,  for  tlu*  first 
time  in  the  history  of  synoptic  meteorology,  the  classical  models  of  various  weather  situa- 
tions may  be*  examined  in  into. 1 1 


| 1 \ ] WHAT  CAN  BE  DETERMINED  FROM  HIGH-ALTITUDE  OBSERVATIONS 

CLOUD  IDENTIFICATION 

Assuming,  from  the  previous  section,  that  cloud  shapes  of  the  order  of  500  ft  or  more 
in  diameter  are  distinguishable  from  an  altitude  of  350  mi,  the  problem  of  identifying 
these  clouds  can  be  treated.  As  stated  previously,  attributes  and/or  phenomena  that 
served  to  establish  the  classification  of  clouds  when  viewed  from  the  ground  are  almost 
completely  different  when  these  same  clouds  are  viewed  from  above.  The  question  is, 
What  can  actually  be1  done  to  tell  the  various  cloud  forms  apart? 

The  solution  to  this  problem  may  lie  in  a new  classification  system  formed  by  means 
of  close  correlation  of  observations  of  clouds  viewed  from  above  with  observations  of 
these*  same  clouds  viewed  from  below.  In  this  manner,  an  alias  of  identifying  cloud  features 


11.  This  idea  of  "the  over-all  look”  was  first  described  by  Major  l).  I..  C ’mwson,  ISAF,  in  a recent  article 
in  H Awn:  At  el  row!.  Sor .,  Vol.  30,  No.  I,  January,  1949.  His  primary  object  was  the  use  of  vertically  Hied  nickels 
in  conjunction  with  the  regular  meteorological  observations  as  a supplement  rather  than  as  a possible  replace- 
ment. In  this  regard,  his  analysis  of  rocket  photographs  is  very  similar  to  that  presented  In  Dr.  J.  bjerknes  in 
Appendix  I. 
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as  scanned  from  extreme  altitudes  might  he  built  up.  Using  this  information,  a trained 
observer  should  have  little  trouble  in  establishing  the  identity  of  almost  any  visible  cloud. 
The  importance  of  such  an  atlas  cannot  be  over '-emphasized,  because  the  degree  of  con- 
fidence in  a synoptic  picture  formed  from  this  type  of  observation  or  in  the  subsequent 
forecast  becomes  extremely  small  if  the  identity  of  the  clouds  cannot  be  established.  An 
attempt  along  these  lines  has  been  made,  utilizing  several  series  of  photographs  taken 
f rom  V-2s  fired  at  White  Sands,  New  Mexico.  It  should  be  kept  in  mind,  however,  that  this 
attempt  was  made  using  data  which  were  not  originally  gathered  for  this  purpose,  and  the 
necessary  ground  observations  are  therefore  not  available  for  positive  identification  pur- 
poses. Because  of  this,  the  results  presented  here  are  a classification  and  identification 
based  on  the  writer’s  observational  experience. 

From  a study  of  the  above-mentioned  photographs  it  was  observed  that  two  general 
cloud  forms  stand  out  from  each  other  under  the  usable  resolution  conditions.  Since 
these  two  forms  are  also  two  types  of  cloud  formations,  most  other  c louds  can  be  consid- 
ered as  being  a special  form  or  combination  of  these  and  may  be  so  categorized.  This  is 
partially  attempted  in  the  table  [below]. 

It  is  noticed  that  certain  formations  of  clouds  very  often  assemble  in  over-all  patterns 
peculiar  to  these  formations.  Clouds,  therefore,  may  also  be  partially  categorized  accord- 
ing to  pattern.  In  the  case  of  clouds  formed  by  globular  masses  joined  together  to  pro- 
duce a single  layer,  the  pattern  is  still  apparent  to  an  observer  on  the  ground  as  a result 
of  the  differences  in  light  intensities  caused  by  the  variations  in  cloud  thickness.  It  is  like- 
ly, theref  ore,  from  the  section  on  cloud  contrast,  that  these  patterns  will  also  be  visible  to 
an  observer  stationed  above  the  layer,  owing  to  the  difference  in  albedo  values  caused  by 
cloud  sections  of  different  thicknesses.  These  patterns  are  very  useful  in  cutting  down  the 
overlap  present  in  the  following  table. 


[15]  A 

Vertically  Developed  Remarks 


B 

Stratiform  Remarks 


1.  Cumulus  I 

2.  Cumulonimbus  } 


Varying  degrees  of  1.  Stratus  [ 
vertical  development  2.  Altostralus  } 


In  some  forms  may 
be  very  similar. 


3.  Cirrostratus  May  be  distinguished 
Ixxause  fibrous  texture* 
is  visible  even  when 
viewed  from  above. 


4.  Nimbostratus  When  there  is  no 
vertical  development 
on  top  this  form  may 
appear  to  be  very  sim- 
ilar to  Nos.  1 and  2. 


Combinations  of  A and  B (forms  similar  in  appearance  are  bracketed) 

Cloud  Formations  Remarks 

[Altocumulus]  Altocumulus  cloud  elements  may  exhibit  vertical  development,  or 

[Cir  rocwmulus]  there  may  be  just  closely  packed  globular  masses.  In  the  first  case,  the 

altocumulus  may  seem  to  be  very  similar  to  altostratus  or  nimbostratus 
that  have  vertical  development  in  their  tops,  although  the  layer  may 
retain  some  semblance  of  orderly  pattern. 
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[ Altosiralus]  Wry  of  ten  these  formations  contain  considerable  vertical  development. 

[Nimbostratus]  This  seems  to  be  especially  true  when  these  forms  are  associated  with 

the  passage  of  a front. 

It  is  clear  that  any  attempt  to  formulate  an  atlas  of  cloud  appearance  as  seen  from 
high  altitude  is  a major  undertaking.  The  work  done  on  the  subject  in  this  report  repre- 
sents, at  best,  the  beginning  of  the  work  that  must  be  accomplished  to  make  high-altitude 
cloud  photographs  a usable  weather  tool. 

THE  ANALYSIS 

Having  once  established  the  identity  of  almost  all  the  clouds  viewed,  the  formation  of  the 
synoptic  weather  picture  becomes  the  next  problem.  The  following  question  arises:  (liven  an 
over-all  cloud  picture,  what,  in  fact,  can  be  determined,  either  directly  or  indirectly? 

According  to  conventional  meteorological  practice,  the  various  parameters,  such  as 
pressure,  temperatures,  etc.,  are  plotted  on  a map,  and  the  subsequent  analysis  of  these 
quantities  product*  the  synoptic  picture.  Almost  the  reverse  is  true  in  the  cast*  at  hand. 
Here  the  synoptic  situation  must  first  be  established,  and  the  various  parameters  must  be 
estimated  from  it.  Actually,  it  is  not  quite  so  straightforward  a procedure.  Rather,  it 
becomes  a “hunting”  technique,  in  which  one  makes  a first  approximation  to  the  over-all 
weather  situation,  using  t lit*  clouds,  and,  from  this,  a first  estimate  of  the  value  of  tem- 
perature, pressure,  humidity,  etc.  This  picture  of  the  weather  is  then  modified  to  fit  | lf>| 
obvious  deviations  of  the  estimated  values  from  those  indirectly  observed.  This  process 
continues  until  a satisfactory  situation  is  evolved  that  appears  to  lit  all  existing  conditions 
(an  attempt  being  made  to  satisfy  both  physical  and  theoretical  considerations);  from  this, 
final  estimations  of  the  various  parameters  are  made.  (Several  possible  approaches  to  the 
problem  of  approximating  the  synoptic  picture  are  discussed  in  the  section  entitled 
“Suggested  Methods  of  Attack  on  the  Problem  ofDetermining  the  Synoptic  Situation.”.  . .) 

flu*  normal  observable  meteorological  parameters  may  be  divided  into  two  main  cat- 
egories, viz.,  those  that  may  be  estimated  in  some  measure  directly  from  observations  of 
the  clouds  and/or  ground,  and  those  that  require  a knowledge  of  the  over-all  weather  pat- 
terns before  an  estimate  can  be  made.  In  the  first  category  may  be  listed  wind,  humidity, 
precipitation,  and  a variable  not  normally  considered  by  itself  as  such — degree  of  stabili- 
ty. In  the  second  listing  may  be  found  pressure  (and  pressure  tendency)  and  temperature. 
Before  an  attempt  at  its  analysis  can  be  made,  a considerable  amount  of  experience  and 
general  knowledge  of  the  workings  of  the  atmosphere  is  required  concerning  each  item, 
regardless  of  which  category  it  comes  under.  It  is  found  that  this  estimation  method  is  nei- 
ther a quick  nor  a simple  process,  regardless  of  the  qualifications  of  the  analyst.  Rather, 
each  of  the  items  requires  a very  careful  study  and  the  weighing  of  all  the  possible  influ- 
encing conditions  before  approximate  values  can  be  assigned. 

As  a result  of  this  pilot  study,  several  suggested  methods  of  estimating  the  various 
meteorological  parameters  were  evolved  and  are  discussed  as  follows: 


Wind 

1.  From  the  established  meteorological  models  it  is  assumed  that  certain  definite 
weather  situations  will  produce  certain  sequences  of  clouds  preceding  or  following  them. 
This  will  therefore  tend  to  orient  the  situation  with  respect  to  the  ground.  Once  this  ori- 
entation has  been  established,  the  wind  direction  may  be  approximated  through  a knowl- 
edge of  the  theoretical  circulation  associated  with  a given  synoptic  weather  situation. 

2.  It  has  been  noticed  in  several  photographs  that,  in  the  presence  of  strong  upper 
winds,  cumulus  clouds  that  have  formed  in  mountainous  country  appear  to  form  to  the 
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lee  of  the  mountains  rather  than  to  their  windward  side.  In  the  presence  of  very  light 
winds,  it  was  noticed  that  the  cumulus  tended  to  form  on  the  peak  of  the  mountain.  This 
phenomenon  requires  further  study  before  its  degree  of  usefulness  as  an  observational 
tool  can  be  determined. 

3.  Owing  to  the  fact  that  cumulonimbus  clouds  extend  from  as  low  as  1600  ft  up  to 
40,000  ft,  their  slope  becomes  a good  indication  of  the  vertical  shear  within  the  laver.  It 
was  first  thought  that  this  direction  of  slope  would  be  an  indication  of  the  direction  of  the 
upper  winds.  However,  although  the  wind  velocity  normally  increases  with  altitude,  it  is 
obvious  that  for  any  given  case  one  should  not  disregard  the  possibility  that  die  wind 
velocity  might  decrease  with  height  or  that  the  direction  and  velocity  distribution  in  the 
vertical  might  be  of  such  a nature  as  to  cause  the  cumulonimbus  to  slope  into  the  upper 
wind.  When  this  slope  is  combined  with  other  factors  that  indicate  wind  direction  [ 17|  at 
one  particular  level,  it  may  be  possible  to  construct  a picture  of  the  change  of  wind  direc- 
tion with  height  in  the  layer  under  consideration. 

4.  A further  indication  of  wind  direction  (in  the  lower  levels)  was  observed  when 
small,  detached  clouds  were  seen  to  form  in  line,  stretching  from  a mountain  top.  These 
could  be  due  to  moist  air  being  forced  upward  by  t ho  mountain  and  then  moving  down- 
slope  on  the  lee  side,  causing  the  formation  of  small  “rotors”  or  individual  cellular  eddies 
each  t apped  by  small  cumulus  clouds  and  extending  for  a considerable  distance  down- 
wind from  tilt*  mountain.  This  phenomenon  is  known  as  a “standing  wave”  and  is  often 
accompanied  by  other  standing  clouds  at  higher  altitudes. 

5.  It  has  also  been  observed  in  a layer  of  stratus  overlying  mountainous  terrain  that 
air  tunneling  down  a valley  and  spreading  out  in  a relatively  flat  sec  tion  produced  lines 
and  swirls  in  the  top  of  this  cloud  layer  that  closely  matched  the  path  the  air  must  have 
taken.  Ibis  action  may  be  very  useful  in  determining  wind  direction  in  sections  com- 
pletely covered  by  sheet-type  clouds  and  may  be  found  to  be  of  further  use  over  areas  that 
are  not  particularly  mountainous.  Although  photographs  of  large  flat  areas  were  not  avail- 
able for  analysis,  it  is  thought  that  wind-direction  determination  in  these  sections  may  still 
be  accomplished  in  the  lower  levels.  This  may  be  done  by  utilizing  many  of  the  above 
methods  and  several  others  that  could  bo  an  outgrowth  of  such  an  analysis.  One  such 
method  might  use  the  inherent  uniform  structure  of  a stratus  sheet.  In  this  case  it  is 
thought  that  if  a sheet  passes  over  flat  ground  on  which  there  art*  isolated  protuberances 
projecting  into  the  sheet,  a wake  will  be  produced  in  the  ( loud  that  may  also  show  up 
when  viewed  from  above*  and  that  will  stretch  downwind  from  the  object. 

Temperature 

The  starting  point  for  any  determination  of  temperature  must  be  the  statistical  nor- 
mal for  that  time  of  the  year.  The  first  estimation  may  then  be  modified  by  the  various 
affecting  conditions.  The  prevailing  weather  situation  provides  ihe  first  modifying  influ- 
ence*. This  estimation  is,  of  course,  dependent  on  the  analyst’s  ability  to  estimate*  the  syn- 
optic conditions  with  a degree*  of  accuracy  t hat  will  answer  the  question.  Is  the  sector 
under  observation  being  affected  by  relatively  cold  or  warm  air?  Cloud  systems,  wind 
direc  tions,  and  even  forms  of  ground  cover  (snow,  etc.)  will  help  in  dec  iding  this.  This  is 
the  first  indication  of  the  over-all  complexity  of  this  type*  of  analysis  and  serves  as  an  ac  tu- 
al illustration  of  the  “hunting”  technique  mentioned  above*. 

Upper  air  temperatures  may  he*  estimated  in  the  same*  manner,  clouds  indicating  the 
boundaries  between  air  masses  (fronts).  A further  help  in  estimating  this  quantity  is  the 
fact  that,  once  having  decided  on  a ground  temperature,  the  degree  of  stability  (indic  at- 
ed by  vertic  al  development  in  clouds)  and  the*  presence  or  absence  of  intervening  fronts 
will  enable  one  to  constr  uct  an  applicable  temperature  lapse  rate.  (The  degree*  of  stabili- 
ty will  determine  the  departure  from  an  adiabatic  lapse  rate*,  while  the*  degree  of  cloudi- 
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iu*ss  (moisture)  will  help  an  analyst  to  deride  whether  to  use  the  moist  or  the  dry  adia- 
batic lapse  rate  as  the  limiting  one.) 

Vertically  developed  cloud  will  also  aid  in  determining  the  temperature  gradient  of 
the  surrounding  area.  This  is  true  because  of  the  fact  that  the  vertical  shear,  as  indicated 
[ 1 8 1 by  the  slope*  of  towering  cumulus  and  cumulonimbus  clouds,  orients  the*  direction  of 
the*  higher  and  lower  temperatures  in  tlu*  areas.  This  method  is  employed  by  taking  the 
direction  of  vertical  shear  as  being  horn  tlu*  low  levels  toward  tlu*  high  levels.  It  one*  then 
face-s  in  the*  direction  of  shear  in  the  northern  hemisphere,  the  lower  temperature  will  be* 
on  the  observer's  left  and  the  higher  on  the  observer's  right  (see  Fig.  3). 

This  relationship  holds  for  the  northern  hemisphere.  In  the  southern  hemisphere  the 
directions  of  decreasing  and  increasing  temperature  in  relations  to  vertical  shear  are 
reversed. 


Fig.  3 — Vertical  wind  shear — temperature  gradient  relationship 


Pressure 

It  is  apparent  that  no  quantitative  values  of  pressure  are  forthcoming  from  this  analy- 
sis. Furthermore,  it  is  virtually  impossible  even  to  make  a quantitative  estimate  other  than 
to  state  whether  the  area  is  thought  to  be  under  the  influence  of  a high-  or  a low-pressure 
system.  Charts  of  average  pressures  for  various  times  of  the  year  in  different  areas  of  the 
world  are  available.  I sing  these  and  the  weather  situation  at  the  time,  trends  of  pressure 
may  be  established.  This  information  when  applied  in  conjunction  with  known  weather 
may  be*  a very  useful  tool  for  forec  asting  purposes.  Little1  work  has  been  attempted  on  this 
subject  in  this  pilot  study,  and  the  above  should  serve  only  as  a possible  starting  point  for 
any  detailed  research  along  these  lines. 

C.  F.  Brooks1  points  out  some  further  pressure  information  that  may  be  obtained 
from  clouds.  He  says,  in  effect,  that,  sinc  e*  in  the  presenc  e*  of  any  constant  vertical  shear 
the  cumulus  clouds  will  tend  to  lean  or  slope  (the  amount  of  departure  from  the  vertical 
being  a resultant  of  the  vertical  velocity  and  the  rate  of  change  of  wind  velocity  with 
height),  any  cloud  that  has  a uniform  rate  of  vertical  growth  and  a 90  slope  throughout 
is  an  indic  ation  of  the  “uniformity  of  wind  velocity  in  all  layers  pierced."  This  indic  ates  a 
dec  rease  of  horizontal  pressure  gradient  with  height.  (This  c an  be  shown  very  simply  by 
an  examination  of  the  geostrophic  wind  equation 

vK  = 1 <M  l 

p ( 0 n)  X 

where  \\,  = the*  geostrophic  wind  veloc  ity 
p = density  o air 

()p/()n  horizontal  pressure  gradient 
X = Coriolis  parameter. 

[ 1 9 1 It  can  be  seen  that  since*  X , which  depends  on  the  sine  of  the  latitude,  will  remain 
constant  and  p dec  reases  with  height,  dp/dn  must  also  decrease  for  to  remain  con- 
stant.) This  dec  rease  turns  out  to  be  very  small  when  actual  values  are  used.  In  the  case*  of 
a uniformly  growing  cumulus  that  slopes  in  its  lower  layers  and  then  straightens  or  even 
bends  back  on  itself  with  increasing  height,  the  decrease  of  the  horizontal  pressure 


If).  ( 1.  Brooks.  “Clouds  in  Art  olog\  ;iml  Kotre  ;eslini>.  H.  \nirt  Mrlrtnol,  \ol.  22.  November,  ltMI. 
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gradient  with  height  is  (as  Brooks  also  points  out)  much  stronger  than  in  the  previous 
case.  If  one  assumes  that  the  slope  of  vertically  developed  clouds  may  he  observed  from 
350  mi  altitude  (at  least  at  the  edges  of  scanning  strip),  further  pressure  data  may  be  gath- 
ered. 

Degree  of  Stability 

As  has  been  mentioned  above,  the  degree  of  stability  in  a given  layer  may  be  estimat- 
ed by  the  amount  of  vertical  development  present  in  clouds.  In  any  mechanism  of  vertical 
development,  the  stability  of  the  air  plays  a major  part.  Convective,  orographic,  or  upslope 
lifting  may  produce  clouds  in  the  absence  of  instability,  but,  for  any  large-scale  vertical 
build-up  of  clouds,  a great  tendency  for  the  atmosphere  to  “overturn”  must  be  present, 
[original  placement  of  Fig.  4|  (Absolute  instability  is  taken  to  mean  that  the  decrease  of 
temperature  with  height  is  greater  than  the  dry  adiabatic  lapse  rale.  In  the  presence  of 
unsaturated  water  vapor,  the  dry  adiabatic  lapse  rate  is  about  9.8uC/kin,  whereas,  in  the 
presence  of  saturated  water  vapor,  the  smaller  saturated  adiabatic  lapse  rate  with  a non- 
linear variation  of  temperature  is  used.)  In  the  presenc  e1 2  of  water  vapor,  the  latent  heat 
(energy)  of  condensation  that  is  released  when  the  air  is  forced  to  rise1  and  its  moisture 
forced  to  condense  may  be  sufficient  to  continue  independently  the  upward  motion.  This 
motion  indicates  a condition  of  instability  where  none  may  have  existed  at  the  beginning 
of  the  process.  Continuation  of  this  motion,  therefore,  indicates  the  instability  of  the  air 
in  the  presence  of  saturated  water  vapor  and  is  evidenced  in  towel  ing  cumulus  or  cumu- 
lonimbus. If,  on  the  other  hand,  condensation  occurs  but  the  ascending  air  is  not  pro- 
vided with  a sufficiently  large  amount  of  heat  so  as  to  warm  it  to  a higher  temperature 
than  that  of  the  surrounding  air,  the  layer  is  considered  absolutely  stable  and  may  be  char- 
acierized  by  smooth,  flat-topped  cloud  forms,  usually  arranged  in  layers  or  sheets.  This  is 
also  true  when  a small  layer  of  instability  is  “capped”  by  an  inversion  (increase  ofTempcr- 
ature  with  height).  This  concept  of  absolute  stability,  absolute  instability,  and  conditional 
instability  (unstable  or  stable  depending  on  whether  the  water  vapor  present  condenses 
or  not)  is  presented  graphically  in  Fig.  4. 

Fig.  4- — Graphical  representation  of  degrees  of  stability  as  given  by  lapse  rate  of  temperature 

It  may  be  said  that,  in  the1  presence  of  vertically  developed  clouds,  a dry  adiabatic 
lapse  rate  (or  very  ( lose  to  it)  exists  below  the*  base*  of  the  c loud,  a relatively  steep  lapse1 
rate  exists  within  the1  cloud,  and  a relatively  stable  lapse  rate*  exists  above  the*  c loud,  in  1 2(1) 
the  case  of  flat-topped  or  sheet-type  clouds,  it  may  he  that,  although  instability  may  exist 
in  a small  layer  comprising  the  cloud,  an  inversion  layer  of  very  stable  air  exists  immedi- 
ately above,  causing  the  cloud  to  slop  its  vertical  growth. 

In  his  paper  on  c louds,  Brooks"’  suggests  the*  following  further  refinements  on  this: 

1.  Detached,  lumpy  cloud  with  a flat  base*  and  rounded  top  has  (a)  adiabatic  lapse* 
rate  below  it,  (b)  greater  than  saturated-adiabatic  lapse*  rate  (unstable)  within  the 
cloud,  and  (r)  almost  the  same  lapse  rate*  as  (/;)  (unstable)  from  its  top  to  the 
height  that  the*  cloud  will  grow. 

2.  lowering,  sharply-bounded  cumuliform  cloud:  The  diameter  of  cloud  at  differ- 
ent levels  is  an  indication  of  the*  relative  steepness  of  the  lapse  rate  (except  in  the 
presence  of  large  wind  shear).  “The  narrower  suc  h a cloud  or  cloudlet  is,  relative 
to  its  height,  the*  greater  the  lapse  rate  of  the  surrounding  ait.” 
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This  provides  one  with  very  rough  criteria  for  estimating  the  degree  of  stability  of  the  air. 

To  sum  up,  water  vapor  in  the  air  is  a latent  source  of  heat  energy'.  When  moist  air  is 
carried  rapidly  upward,  the1  water  vapor  condenses  in  the-  form  of  liquid  droplets  and  the 
latent  heat  of  condensation  is  released  to  die  surrounding  atmosphere.  It  is  this  source  of 
latent  heat  that  feeds  thunderstorms  and  other  types  of  vertically  developed  clouds. 
Cumulus  clouds  are  an  indication  of  moisture  and  relative  instability,  and,  conversely, 
when  there  is  moisture  in  the  air  there  will  be  a greater  tendency  toward  convection  and 
turbulence. 

Moisture 


Clouds,  being  composed  of  water  droplets,  naturally  indicate  the  presence  of  mois- 
ture* in  the  atmosphere*  (see  the*  above  section).  Resulting  from  the  difference  in  forma- 
tion conditions,  cloud  types  can  give  a further  breakdown  of  moisture  distribution.  For 
example*,  cumulus  and  cumuliform  clouds  of  vertical  development  require  the  entrain- 
ment of  continuous  supplies  of  moist  air  to  prevent  their  complete  evaporation  shortly 
after  forming.  It  can  therefore  be*  said  that  with  this  type  of  c loud  we  may  associate*  fairly 
moist  air  near  the*  surface*.  In  like*  manner,  positioning  of  the  moisture  in  the  atmosphere 
may  be  associated  with  other  cloud  forms,  and  an  over-all  estimate  may  be  made  from  visu- 
al observations.  Once  the  synoptic  picture  has  been  established,  closer  estimate's  may  lx* 
made  utilizing  the  other  meteorological  parameters,  and  the*  value  of  moisture  content 
may  be  worked  into  the  "hunting”  technique  previously  mentioned. 

Precipitation 

Although  it  will  not  be  possible  to  observe  any  form  of  precipitation  directly,  it  is 
known  that  the  largest  amounts  usually  fall  from  two  main  types  of  c louds:  cumulonimbus 
(showers — rain,  snow,  etc.)  and  nimbostratus  (steady  precipitation,  sleet,  etc.). 
Furthermore,  the*  probability  of  precipitation  in  one  form  or  another,  which  arises  when- 
ever these  types  are  present,  is  higher  than  for  any  other  types  of  clouds.  Further  infor- 
[21  ] mation  may  be*  obtained  from  the  fact  that  it  may  be  possible  to  distinguish  between 
newly  fallen  snow  and  old  snow,  owing  to  a difference*  in  albedos  (see  Table  5 . . .),  and 
the  new  snow  may  then  lx*  connected  with  the  proper  form  of  cloud  observed  downwind 
from  it. 

[ 22 1 SUGGESTED  METHODS  OF  ATTACK  ON  THE  PROBLEM  OF 
DETERMINING  THE  SYNOPTIC  SITUATION 

From  the  above  discussion  it  can  be  seen  that  the  analysis  is  based  primarily  on  cloud 
observations.  During  the  course  of  this  study  several  systematic  methods  of  accomplishing 
these  presented  themselves.  Although  neither  time  nor  proper  data  were  available  for  a 
complete  study  of  these  possibilities,  the  most  promising  were  considered  and  are  pre- 
sented herewith  as  a guide  to  any  more  intensive  study. 

1 . It  is  suggested  that  a typing  of  clouds  as  to  cause  rather  than  appearance  will  great- 
ly fac  ilitate  the  identification  of  the  synoptic  situation.  Classification  into  two  main  cate- 
gories would  constitute  a possible  breakdown,  as  follows:  (a)  Regional  clouds  (those 
caused  by  purely  local  conditions),  and  (b)  migrating  cloud  systems  (clouds  that  appear 
to  move*  as  a unit),  flu*  breakdown  might  then  he  coupled  with  a knowledge  of  the  clouds 
assoc  iated  with  various  weather  phenomena  to  complete*  tlu*  synoplic  pic  ture*. 

2.  It  is  a recognized  fact  that  similar  synoptic  situations  occurring  under  different 
climatic  and/or  topographic  conditions  may  produce*  radically  different,  weather.  A statis- 
tical analysis  is  therefore  suggested,  in  which  ( a)  the  desired  area  is  divided  into  small 
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regions  of  similar  climate,  geography,  etc.,  and  (b)  a statistical  survey  of  cloud  types  and 
associated  weather  found  with  various  weather  situations  (fronts,  etc.)  in  each  region  is 
made. 

3.  Owing  to  the  fact  that  identification  of  fronts  as  fronts  may  be  very  difficult,  it  is 
suggested  that  it  may  he  possible  to  identify  air  masses  from  high-altitude  pictures  and  to 
utilize  them  in  the  formulation  of  the  synoptic  picture.  Since  general  classifications  of  air 
masses  include  as  integral  identifying  features  the  stability  of  the  air,  the  moisture,  and  the 
type  of  clouds  produced  in  a given  air  mass,  this  should  not  Ik*  loo  difficult,  in  many  cases. 
An  air-mass  identification  has  the  further  advantage  of  establishing  more  closely  the  pos- 
sible limits  of  the  various  meteorological  parameters. 

4.  A major  advantage  of  satellite  weather  observations  is  the  repeated  broad  spatial 
coverage.  Such  broad  coverage  provides  the  meteorologist  with  an  essential  element  for  his 
analysis,  which  is  generally  referred  to  as  continuity.  It  permits  him  to  follow  a given  system 
as  it  moves  and  develops  over  a period  of  days.  It  is  a relatively  simple  matter  to  identify  a 
system  once  it  is  known  that  such  a system  is  present.  Once  a weather  situation  is  so  iden- 
tified, it  can  be  earmarked  from  high-altitude  pictures,  and  not  only  may  it  then  be  tracked 
across  an  inaccessible  area  like  an  ocean,  but  any  over-all  changes  or  modifications  that 
affect  the  visible  parameters  may  be  almost  immediately  noticed.  It  is  also  likely  that,  hav- 
ing a complete  analysis  of  the  surrounding  territory  on  land,  where  observations  are  plen- 
tiful, and  many  satellite  observations  of  the  unknown  area  (through  which  it  is  possible  to 
get  fixes  on  systems  and  to  examine  visually  the  over-all  weather  [23]  picture),  a complete 
analysis  of  the  desired  region  will  become  a much  simpler  thing  to  construct. 

Each  of  the  above  suggestions  affords  excellent  possibilities  of  providing  the  required 
information.  It  should  he  kept  in  mind,  however,  that  these  suggestions  appear  to  offer 
the  best  solution  when  systematically  used  together.  . . . 

1 31 1 CONCLUSION 

In  the  section  entitled  “What  Can  Be  Seen,”  ...  it  was  shown  that,  given  at  least 
500-lt  resolution,  it  was  possible  to  differentiate  between  the  various  types  of  clouds. 
Under  “Limitations  of  the  Analysis,”  . . . the  possible  limitations  to  the  type  of  analysis  to 
be  studied  were  indicated,  (liven  the  identity  of  virtually  all  the  cloud  forms  viewed,  it  was 
further  shown,  in  the  section  entitled  “What  Can  Be  Determined  from  High-Altitude 
Observations,”  . . . that  it  may  be  possible  to  estimate  the  various  meteorological  parame- 
ters under  certain  conditions  and  assumptions.  The  main  assumption  was  that  some  esti- 
mate of  the  over-all  synoptic  situation  could  he  made  initially  and  a “hunting”  technique 
could  lx*  applied.  Several  suggested  methods  of  estimating  the  synoptic  picture  were  pre- 
sented and  discussed. 

This  report  has  attempted  to  show  what  is  thought  to  be  necessary  in  the  making  of 
such  an  analysis.  It  is  obvious,  however,  that,  with  the  limited  data  available,  many  impor- 
tant points  may  inadvertently  have  been  overlooked.  An  inquiry  of  this  type  can  therefore 
serve  only  as  a guide  to  a full-scale  study  of  the  subject,  in  which  every  suggestion  and 
method  is  put  to  a full  lest  and  is  either  accepted,  modified,  or  discarded. 

The  development  of  all  the  suggested  methods  mentioned  in  this  report  appears  to 
be  feasible.  As  any  analysis  depends  on  its  integral  parts  for  its  accomplishment,  from  this 
standpoint,  if  from  no  other,  the  analysis  of  synoptic  weather  f rom  satellite  observations  is 
also  feasible. 
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Document  11-3 

Document  title:  Hugh  L.  Dryden,  for  T.  Keith  Glennan,  NASA,  and  Roy  W.  Johnson, 
Department  of  Defense,  “Agreement  Between  the  Department  of  Defense  and  the 
National  Aeronautics  and  Space  Administration  Regarding  the  TIROS  Meteorological 
Satellite  Project,”  April  13,  1959. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

Among  the  military  spare  projects  President  Risenhower  transferred  in  1958  to  the  newly  created 
National  Aejonautifs  and  Space  Administration  was  the  Pelexnsion  and  Infrared  Operational 
Satellite  (TIROS)  meteorological  satellite  project,  previously  controlled  i /y  the  Defmrtment  of  Defense's 
Advanced  Research  Projects  Agemy.  Although  the  Defense  Department  continued  to  participate  in  the 
TIROS  project  and  made  excellent  use  of  the  information  returned  from  operational  satellites,  this 
agreement  marked  the  beginning  of  a permanent  split  in  military/civilian  meteorology  that  led  for 
mow  than  three  deuules  to  both  the  military  and  the  civil  sector  designing  and  operating  their  own 
meteorological  satellite  systems. 


Agreement  Between  the  Department  of  Defense  and 
the  National  Aeronautics  and  Space  Administration 
Regarding  the  TIROS  Meteorological  Satellite  Project 

1.  hffective  April  13,  1959,  the  National  Aeronautics  and  Sparc  Administration 
(NASA)  shall  assume  technical  and  management  direction  of  the  meteorological  satellite 
project  designated  Project  TIROS,  as  set  forth  in  Order  No.  10-59,  dated  July  25,1958,  and 
Task  No.  1 of  Order  No.  17-59,  dated  September  1,  1958,  of  the  Advanced  Research 
Projects  Agency  (ARPA)  of  the  Department  of  Defense  (DOD). 

*-■  In  oi  cU  i to  insure  the  complete  availability  to  DOD  and  NASA  of  all  information 
developed  under  Project  TIROS  and  to  insure  that  the  respective  interests  of  both  are 
fully  recognized  in  carrying  out  the  Project,  the  following  arrangements  are  agreed  to: 

a.  A committee  will  Ik*  established  under  NASA  chairmanship,  with  represent  a* 
tion  from  both  DOD  and  NASA,  to  advise  NASA  on  technical  matters  related  to  Project 
I IROS,  including  DOD  requirements,  and  to  make  any  necessary  arrangements  for  ihe 
c lose  cooperation  and  full  exchange  of  information  between  NASA  and  DOD. 

b.  Copies  of  all  NASA  directives  issued  to  agencies  of  DOD  in  connection  with 
Project  I IROS  will  be*  furnished  to  ARPA  for  information. 

c.  Copies  of  all  documents  pertinent  to  the  conduct  of  Project  TIROS  in  the 
possession  of  ARPA  will  be  furnished  to  NASA. 

3.  Conti  acts  under  Project  TIROS  to  be  funded  by  DOD  will  continue  to  be  placed 
and  administered  by  procuring  activities  of  DOD,  subject  to  the  technical  and  management 
direction  of  NASA,  and  any  facilities,  equipment  and  personnel  of  DOD  currently  assigned 
to  Project  I IROS  will  remain  available  to  NASA  to  carry  the  Project  to  completion. 

|2M.  ARPA  will  fund  Project  TIROS  up  to  a total  of  $1 1 ,649,000.  An  amount  of 
$f>,71  1,000  has  already  been  committed  under  ARPA  Order  No.  10-59,  and  $2,000,000 
under  Task  No.  1,  ARPA  Order  No.  17-59,  leaving  a balance  of  $2,938,000  which  will  be 
set  aside  for  obligation  by  DOD  on  Project  TIROS  at  the  request  of  NASA.  These  funds 
are  not,  however,  available  for  the  construction  of  facilities.  NASA  will  provide  anv  funds 
required  for  Project  TIROS  in  excess  of  the  $1  1,649,000  provided  by  ARPA. 
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f,.  Equipment  acquired  for  Project  TIROS  will  remain  available  to  the  Projec  t until 
its  conc  lusion.  The  disposition  of  any  suc  h equipment  at  the  conclusion  of  the  Project  will 
be  as  mutually  agreed  upon  by  NASA  and  DOD. 

[hand-signed:  "Hugh  I..  Dryden  for'j  | hand-signed:  “Ray  W.  Johnson  j 

T.  Keith  Glennan  Roy  W.  Johnson 

ibr  NASA  i or  Department  of  Defense 

Document  11-4 

Document  title:  U.S.  Department  of  Commerce,  Weather  Bureau,  “National  Plan  for  a 
Common  System  of  Meteorological  Observation  Satellites,”  Technical  Planning  Study  No. 

3,  Preliminary  Draft,  October  1960,  pp.  1-3. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

When  NASA's  first  TIROS  satellite  proved  highly  useful  in  studying  large-scale  weather  systems,  the 
l\S.  Weather  Bureau  began  planning  for  a fully  operational  national  weather  satellite  system.  The 
Weather  Bureau  proposed  to  remove  NASA  from  its  overall  lead  position  to  the  role  oj  perfuming 
research  and  development  in  support  of  the  operational  system.  In  October  1 960,  NASA  organized  the 
first  meeting  of  an  interagemy  panel  to  discuss  the  issue  of  an  operational  system.  At  the  meeting , the 
Weather  Bureau  brought  forth  its  plan;  the  foreword  and  first  section  of  the  study  appears  here. 
Predictably , NASA  objected  to  giving  up  as  much  control  over  the  program  as  the  T.S.  Weather 
Bureau  desired.  The  result  was  a compromise  plan  issued  in  Apnl  1961. 

National  Plan  for  a Common  System 
of  Meteorological  Observation  Satellites 

Washington,  D.C. 

October  I960  . . . 

[no  page  number] 

FOREWORD 

The  present  report  is  a summitry  of  planning  that  commenced  shortly  alter  the  suc- 
cessful launching  and  operation  of  TIROS  I,  April-June  I960.  The  results  of  this  remark- 
ably successful  meteorological  satellite  clearly  show  that  satellites  must  be  included  as  an 
integral  part  of  a comprehensive,  world-wide  weather  observing  system.  Their  ability  to 
give  complete  global  coverage,  to  look  at  familiar  meteorological  phenomena  f rom  a new 
vantage  point  and  to  reveal  organized  motions  and  processes  over  a great  range  of  dimen- 
sions will  influence  virtually  all  phases  of  meteorological  development  and  operations. 

Representatives  ol  the  government  departments  diiettly  inteiested  tntt  at  tlit 
National  Aeronautics  and  Space  Administration  Headquarters  on  October  10,  I960  lor 
discussions  of  how  to  proceed  with  an  operational  meteorological  satellite  program.  Need 
lor  a national  plan  indicated  at  this  meeting  prompted  issuance  of  this  report  at  the  pre- 
sent time.  It  represents  an  effort  to  utilize  results  of  studies  made  since  1954,  including  a 
1959  report  to  the  World  Meteorological  Organization,  and  experience  gained  from 
Explorer  VII  and  TIROS  I.  This  report  delineates  a lirst  approach  to  the  design  of  the  sys- 
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trni,  tlu*  required  organization  and  a method  of  implementation  for  obtaining  and  uti- 
lizing meteorological  satellite  data  as  soon  as  possible  for  daily  weather  forecasting  and 
storm  warnings. 

This  plan,  although  preliminary,  represents  a starting  point  in  formalizing  a program, 
portions  of  which  are  already  in  operation.  The  plan  is  circulated  among  meteorological 
groups  for  the  purpose  of  inviting  comments  and  cooperation  on  how  best  to  take  advan- 
tage of  this  epochal  new  means  for  observing  certain  meteorological  phenomena  and  to 
assist  in  planning  more  effectively  for  future  programs. 

[hand-signed:  T W.  Reichelderler"] 
F.  \V.  Reichelderfer 
Chief  of  Bureau 


November  H,  19(50  . . . 

[1|  1.  Goals  of  a National  Plan 

The  TIROS  I Weather  Satellite  has  brought  the  objective  of  meteorologists  for  a world 
wide  observational  network  a long  step  toward  fulfillment.  Conceived  initially  as  a 
research  project,  TIROS  I demonstrated  immediate  limited  operational  value.  This  mon- 
umental scientific  achievement  is  a manifestation  of  the  policy  declared  by  the  Congiess 
in  the  National  Aeronautics  and  Space  Act  of  1958 — “that  activities  in  space  should  be 
devoted  to  peaceful  purposes  for  the  benefit  of  all  mankind."  The  President  of  the  United 
States  in  his  address  to  the  United  Nations  General  Assembly,  September  22,  19(50  pro- 
posed that  “We  press  forward  with  a program  of  international  cooperation  for  construc- 
tive list's  of  outer  space  under  the  United  Nations.  Better  weather  forecasting,  improved 
world  wide  communications  . . . are  but  a few  of  the  benefits  of  such  cooperation. 

Several  additional  weather  satellite  experiments  are  planned  for  the  next  two  years. 
In  view  of  the  impac  t of  the  increasing  operational  aspects  of  the  experiments,  a national 
plan  leading  to  a fully  operational  system  is  necessary  for  making  maximum  use*  of  mete- 
orological satellite  data  at  the*  earliest  possible  time. 

It  is  the  purpose  of  this  study  to  formulate  a national  plan  for  a common  system  of 
meteorological  observation  satellites.  This  plan  would  have  the  following  goals: 

1.  Complete  global  coverage. 

2.  Uninterrupted  continuity  in  time. 

Design  for  maximum  national  and  international  utilization  foi  the  benefit  of  all 
mankind. 

4.  Adequate  readout  stations  to  insure  timely  receipt  of  all  the  data. 

5.  Complete  communication  facilities  to  transmit  data  from  the  readout  stations  to 
the  National  Meteorological  Center  and  other  user  points. 

6.  Analysis  of  the  data  received  at  the  National  Meteorological  Center. 

1 2]  7.  Depiction  of  these  analyses  in  forms  suitable  for  transmission  via  adequate 
communication  facilities. 

8.  Communication  of  processed  data  to  all  domestic  (civil  and  governmental)  and 
international  users  for  application  to  their  particular  requirements. 

9.  Intensive  research  to  improve  weather  forecasts  through  the  application  ol  satel- 
lite* data. 

For  planning  purposes  it  has  been  assumed  that: 

1.  Wiili  respect  to  the*  Operational  System: 

a.  The  lh  S.  Weather  Bureau  as  the  National  Meteorological  Se  rvice  will  have 
program  responsibility  lor  the  operational  meteorological  satellite*  obseiving 
and  data  processing  system.  Phis  would  include  equipment  procurement, 
launching,  data  retrieval  and  processing,  and  dissemination  to  users. 
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b.  An  organ  i/at  ion  to  perform  all  activities  related  to  the  operational  meteoro- 
logical satellite  observing  system  would  be  established  as  a self-contained  enti- 
ty reporting  to  the  Chief  of  the  Weather  Bureau. 

c.  Coordination  will  be  accomplished  by  a “Civil-Military  Liaison  Committee” 
and  resident  liaison  personnel. 

d.  The  operational  system  will  be  started  by  the  end  of  Fiscal  Year  1962. 
(Adequate  funding  is  required  to  accomplish  this.) 

2.  With  respect  to  Research  and  Development: 

a.  NASA  has  the  responsibility  for  the  equipment  design  and  development, 
launching  and  data  retrieval  associated  with  experimental  satellites.  The 
design  of  the  operational  space  craft  will  be  based  on  the  results  of  this  work. 

b.  I he  Weather  Bureau  has  the  responsibility  for  the  data  analysis  and  meteo- 
rological research. 

**•  l*1  operations  and  research  and  development,  it  is  assumed  that  the*  Department 

of  Defense  would  be  responsible  for: 

a.  Mil  it  at  v application  of  satellite*  data  and  National  Meteorological  Center 
products. 

1 3]  b.  Specialized  communication  systems  and  other  facilities  to  meet  unique  needs 
not  covered  by  the  National  Satellite  Meteorological  Program. 

4.  International  participation  will  be  developed  by  existing  international  bodies 
such  as  the  World  Meteorological  Organization.  . . 

Document  11-5 

Document  title:  Hugh  L.  Dryden,  Deputy  Administrator,  for  James  E.  Webb,  Administrator, 

NASA,  and  Luther  H.  Hodges,  Secretary  of  Commerce,  “Basic  Agreement  Between  U.S. 

Department  of  Commerce  and  the  National  Aeronautics  and  Space  Administration 

Concerning  Operational  Meteorological  Satellite  Systems,”  January  30,  1964. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 

Headquarters,  Washington  D.C. 


When  the  Interagemy  Panel  on  Operational  Meteorological  Satellites  released  a plan  in  April  1961 
calling  for  NASA  to  develop  an  operational  weather  satellite  system  to  he  managed  b y the  U.S.  Weather 
Bureau,  the  bureau  was  concerned  fry  the  lark  of  influence  it  had  over  the  develop  men  tal  stages  of  this 
next  generation  of  weather  satellites,  named  Nimbus . Some  of  these  fears  were  realized  as  the  NASA- 
managed  Nimbus  program  suffered  numerous  delays  as  well  as  dramatic  costs  increases.  On 
September  27,  1963,  frustrated  with  NASA's  performance,  the  Weather  Bureau  announced  that  it 
would  develop  its  own  satellite  system  based  on  the  TIROS  design , with  the  Department  of  Defense  pro- 
viding launch  services.  Outmaneuvered,  NASA  agreed  to  helping  the  Weather  Bureau  dmelop  its 
I ! ROS-hased  system,  as  well  as  granting  it  an  increased  role  in  developing  (he  Nimbus  satellite,  which 
became  an  experimental  rather  than  an  operational  system.  Phis  agreement  codified  the  NASA- 
Weather  Bureau  relationship. 
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Basic  Agreement  Between  U.S.  Department  of 
Commerce  and  the  National  Aeronautics  and  Space 
Administration  Concerning  Operational 
Meteorological  Satellite  Systems 

SI- ( I ION  I AUTHORITY  AND  PURPOSE 

Recognizing  the  success  of  the  National  Aeronautics  and  Space  Administration 
(NASA)  research  and  development  (R&D)  meteorological  satellite  program  and  the  uti- 
lization by  the  Department  ol  Commerce  - Weather  Bureau  (DOC  - WB)  ol  satellite  data 
in  weather  analysis  and  forecasting;  and 

Faking  note  that  Congress,  also  recognizing  this  success,  provided  m the 
Supplemental  Appropriation  Act  of  1902,  and  thereafter,  funds  authorizing  DOC  - WB  to 
establish  and  operate  a system  for  the  continuous  observation  ol  world-wide  meteoiolog- 
ical  conditions  from  space  satellites  and  for  the  reporting  and  processing  of  the  data 
obtained  for  use  in  weather  forecasting  . . . : and 

Recognizing  the  broad  responsibilities  of  NASA  under  the  Space  Act  for  continuing  a 
research  and  development  program  for  the  development  of  spacecraft  technology  and 
meteorological  satellite  systems  for  (1)  application  to  operational  systems  and 
(2)  research  activity  in  the  atmospheric  sciences;  and 

faking  note  that  Congress  appropriated  separate  funds  to  NASA  for  the  purpose  of 
supporting  such  an  R&D  program  of  spacecraft  technology  and  meteorologic  al  satellite 

systems;  _ , 

(9 1 h is.  therefore,  the  purpose  of  this  agreement  to  define  the  relationship  between,  and 
,h,.  functions  lo  ho  performed  by  tho  DOC -WB  and  NASA  (1)  in  tin-  cond.ut  <>i  Opera- 
tional meteorological  satellite  programs,  and  (2)  in  the  development  ol  supporting  lech- 
nology  for  operational  meteorological  satellite  programs. 

SECTION  II.  KSTABLISHMENT  AND  OPERATION  OK  TH E 
NATIONAL  OPERATIONAL  METEOROLOGICAL  SATELLITE  SYSTEM 

A.  Objective  ... 

The  primary  objectives  of  the  National  Operational  Meteorological  Satellite 
System  (NOMSS)  is  to  provide  meteorological  information  for  prompt  and  effective1  use 
by  the  various  national  meteorological  services  in  weather  analysis  and  prediction.  I he 
operation  of  NOMSS  will  be  based  on,  but  not  be  limited  to,  the  technology  produc  ed  m 
the  NASA  R&l)  Meteorological  Satellite  Program  and  will  satisfy  the*  meteorological 
requirements  of  user  agencies,  subject  to  limitations  of  budget,  resourc  es  of  law.  I he 
DOC  - WB  may  modify  NOMSS  as  appropriate  and  in  accordance  with  the  terms  of  this 
agreement  to  accommodate  changes  in  meteorological  requirements  and  developments 
in  tec  hnology. 

[3|  B.  Basie  Responsibility  and  Functions 

] The  DOC  - WB  by  law  has  the  basic  responsibility  for  the  establishment  and 

operation  of  the  NOMSS,  which  includes  obtaining  necessary  funds. 

2.  Each  agency  agrees  to  perform  the  functions  and  follow  the*  management 
duties  and  procedures  set  forth  in  paragraphs  1)  and  E of  this  section. 
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( >.  Funding 

I he  DOC,  - WB  will  submit  requests  lor  annual  appropriations  to  carry  out 
NO  MSS.  The  DOC  - WB  will  develop  the  plans  and  budget  estimates  and  the  justification 
the  it  of,  with  the  assistance  and  support  of  NASA  and  user  agencies,  as  appropriate.  At  the 
beginning  of  each  fiscal  year,  or  as  soon  thereafter  as  funds  are  appropriated,  or  as  pro- 
gram changes  require,  the  DOC’  - WB  will  issue  a reimbursement  order  to  NASA  for  the 
full  amount  of  funds  required  for  the  execution  of  the  NASA  portion  of  the  program  in 
accordance  with  the  approved  project  proposal  prepared  under  this  agreement.  NASA 
will  account  to  DOC  - WB  for  the  funds  so  transferred.  NASA  also  will  provide  necessary 
lepoits  to  the  DOC.  - WB  regarding  the  proposed  and  actual  commitments,  obligations 
and  expenditure  of  these  funds,  so  that  DOC  - WB  [4]  may  meet  its  fiscal  responsibilities 
with  respect  to  the  funds  appropriated  to  it  or  otherwise  received. 


I C>  J 


D.  Functional  Responsibilities 

The  functions  of  the  DOC  - WB  and  NASA  in  tlu*  conduct  of  NOMSS  are  as  follows: 
1 . The  Department  of  Commerce  - Weather  Bureau  shall: 

a.  Determine  overall  meteorological  program  requirements  (including  cost 
and  schedule). 

b.  Spc  c if y quantities  to  be*  measured  by  satellite  meteorological  instru- 
ments. 

c.  Approve  Project  Development  Plan  and  changes  involving  schedules, 
resources,  interfaces,  and  performance. 

d.  Monitor  the  performance  of  the  system  for  meeting  meteorological 
requirements. 

e.  Determine  the*  need  for  replacing  a spacecraft  that  has  experienced  mar- 
ginal failure  in  providing  meteorological  data. 

f.  Operate  the  Weather  Bureau  Command  and  Data  Acquisition  |CI)A] 
Stations,  including  control  of  the  operational  satellite  after  NASA  has 
determined  that  the  satellite  is  ready  for  operational  use. 

g.  Manage  meteorological  data  analysis  activities  at  the  CD  A stations. 

h.  Communicate  operational  data  from  CD  A stations  to  [the  National 
Weather  Service  Center  and  the  Goddard  Space  Flight  Center  (GSFC)] 
and  others,  as  appropriate. 

i.  Process  data  for  integration  into  weather  analyses. 

j.  Disseminate  data,  analyses  and  forecasts. 

k.  Archive  the  information  (processing,  storage,  retrieval). 

l.  Use  the  data  for  research  and  climatological  purposes. 

m.  Conduct  system  studies  as  required  to  meet  its  responsibilities. 

2.  The  National  Aeronautics  and  Space  Administration  shall: 

a.  Prepare  tin*  Project  Development  Plan. 

b.  Design,  engineer,  procure  and  qualify  flight  spacecraft. 

c.  Select  and  procure  launch  vehicles. 

d.  Maintain  and  operate  launch  sites. 

e.  Design,  construct,  and  insure  initial  operational  status  of  Command  and 
Data  Acquisition  stations. 

f.  Prepare  tin*  pre-launch  of  spacecraft  and  launch  vehicle. 

g.  Conduct  launch  operations. 

h.  Track  and  determine  basic  orbit  during  the  useful  life  of  the  satellite. 
Monitoi  flu*  engineering  status  of  the  satellite  and  command  the  satellite 
during  initial  time  in  orbit,  and,  as  requested,  during  periods  of 
malfunction  using  the  Weather  Bureau  Command  and  Data  Acquisition 
stations. 

Consult,  as  appropriated,  on  technical  matters. 
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K.  Management  Responsibilities  and  Procedure  s 

1.  The  management  of  the  functions  of  the  Department  of  Commerce  portion 
of  this  agreement  is  a responsibility  of  the  Weather  Bureau  under  the  authority  delegated 
by  the  Secretary  of  Commerce  to  the  Chief  Of  the  Weather  Bureau  under  Department 
Order  No.  1)1  of  May  23,  I9f>3.  The  Weather  Bureau  shall  provide  or  obtain  the  necessary 
DOC  resources  for  NOMSS  and  shall  serve  as  the  official  DOC  contact  for  this  program. 

2.  The  management  of  the  NASA  portion  of  this  agreement  is  the  responsibility 
of  Headquarters,  Office  of  Space  Science  and  Applications.  It  shall  provide  the  necessary 
NASA  resources  to  NOMSS  and  shall  serve  as  the  official  NASA  contact  for  this  program. 

3.  The  following  specific  management  functions  and  procedures  are  agreed  upon: 

[7|  a.  The  DOC  - WB  will  forward  mission  requirements  to  NASA  for  review 

and  acceptance. 

b.  NASA  will  forward  the  basic  plan  of  approach  to  the  DOC  - WB  for  review 
and  approval. 

( . NASA  will  forward  the  Project  Proposal  to  the  DOC  - WB  for  review  and 
approval. 

d.  NASA  will  forward  requests  for  proposals  to  the  DOC  - WB  for  review  and 
comment. 

e.  A representative  of  the  DOC  - WB  will  lx*  assigned  to  the  NASA  GSFC 
Project  Office  and  will  participate  in  review  for  source  evaluation,  defin- 
it  i/at  ion  of  statements  of  work  and  project  status  reviews. 

f.  NASA  will  make  the  final  source  selection,  and  will  negotiate  with  and  be 
the  single  interface  with  the  contractor. 

g.  NASA  will  submit  to  DOC  - WB  for  review  and  approval  the  definiti/ed 
contract  work  statement,  schedules  and  cost. 

h.  NASA  will  forward  the  final  Project  Development  Plan  to  the  DOC  - WB 
for  review  and  approval. 

i.  Major  changes  involving  schedules,  costs  and  system  performance  will  lx* 
forwarded  by  NASA  to  the  DOC  - WB  for  re  view  and  approval. 

|H|  j.  All  changes  affecting  the  interface  between  NASA  provided  equipment 

and  DOC  - WB  equipment  will  be  forwarded  to  the  DOC  - WB  for  review 
and  approval. 

F.  Interagency  Relationships 

The  DOC  - WB  will  furnish  a statement  of  mission  requirements  to  NASA,  and  will 
ensure  that  such  requirements  and  the  resulting  project  plans  meet  the  needs  of  DOD 
and  other  user  agencies. 


SUCTION  III.  THE  DEVELOPMENT  OF  SUPPORTING  TECHNOLOGY 
FOR  OPERATIONAL  METEOROLOGICAL  SATKI TITFS 


A.  Scope 

This  sec  tion  deals  only  with  the  development  of  space  technology  which  is  specif- 
ically identified  as  applying  to  NOMSS. 

B.  Basic  Responsibility  and  Functions 

1 . NASA  has  the  basic  responsibility  for  supporting  civilian  satellite  technology. 

2.  The  IKK’  - WB  will  submit  to  NASA  estimates  of  future  me  teorological  satel- 
lite requirements  and  the  DOC  - WB  estimates  of  present  tec  hnological  limitations  to 
meeting  them.  NASA  will  draw  up  its  R&D  plans  with  due*  consideration  of  the  stated 
Weather  Bureau  requirements  and  will  keep  DOC  fully  informed  on  R&D  program  plans 
and  developments. 
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[9]  T The  DOC  - VVB  may  conduct  sensor  development  but  will  maintain  dose  liai- 
son with  NASA  to  ensure  compatibility  with  Cut  tire  spacecraft  configurations. 

C.  Funding 

NASA  will  fund  for  the  supporting  technolog)  lor  operational  meteorological 
satellite  development  programs. 

D.  Management  Procedures 

1.  Supporting  technology  for  Operational  Meteorologic  al  Satellite  programs  is 
the  responsibility  of  the  Office  of  Space  Science  and  Applications,  in  NASA  Headquarters. 

2.  NASA  will  maintain  a coordinating  mechanism  whereby  the  contributions  of 
the  Weather  Bureau  and  other  competent  agencies  can  be  considered  in  the  development 
program.  It  will  consist  of  five  members,  two  nominated  by  NASA  (Chairman),  two  by  the 
Weather  Bureau,  and  one  representing  the  non-(io\ernment  meteorological  community. 

3.  The  NASA,  after  considering  the  advice  of  the  coordinating  mechanism,  will 
choose,  and  allocate  space  in  meteorological  satellites  for  flight  tests  of  experimental 
meteorological  sensors.  NASA  will  fund  for  these  tests,  including  the  costs  of  flight  hard- 
ware beyond  the  preprototype  stage,  but  the  execution  will  be  the  responsibility  of  the 
experimenting  agency. 

[101  K.  Data 

1.  Data  from  proven  meteorological  sensors  flown  in  NASA  research  and  devel- 
opment meteorological  satellites,  such  as  TIROS  camera  data  and  Nimbus  AVCS  data,  will 
be  made  available  at  the  request  of  the  Weather  Bureau  for  operational  use  on  a cost  reim- 
bursable basis,  for  such  added  costs  as  may  result  from  the  operational  requirement. 

2.  Data  from  experimental  meteorological  sensors  flown  in  NASA  R&D  meteo- 
rological satellites,  such  as  the  Nimbus  11R1R  and  other  new  sensor  developments  of 
potential  operational  use,  will  be  made  available  to  the  Weather  Bureau  as  soon  as  practi- 
cable on  a non-interference  basis  to  NASA  missions  for  the  conduct  of  operational  exper- 
iments. In  the  c ast*  of  these  data,  the  experimenting  agency  retains  exclusive  publication 
rights  for  a period  of  eighteen  months,  but  the  Weather  Bureau  may  conduct  operational 
experiments  during  this  period  with  the  proviso  that  dissemination  of  these  data  is 
restricted  to  such  purposes  and  that  scientific  publication  will  not  result  without  the  con- 
currence of  the  experimenter.  NASA  will  be  reimbursed  for  all  additional  costs  incurred 
in  making  such  data  available  to  the  Weather  Bure  au. 

SFtTKjN  IV.  Nil-  11  (>R()l.()(d(:\l.  SA1  Kl.1.1  11  PROGRAM  RFV1FW  BOARD 

A Meteorological  Satellite  Program  Review  Board  is  hereby  established.  (11]  The 
Board  is  composed  of  two  members  each  from  NASA  and  1)00  - WB  with  the  Associate* 
Administrator  for  Space  Science  and  Applications  of  NASA  and  the  Chief  of  the1  Weather 
Bureau  serving  as  co-chairmen.  The  Board  will  meet  quarterly  or  at  the  request  of  either 
co-chair man  to  review  the  program  and  consider  any  substantive  issues  which  may  arise*. 
It  may  make  recommendations  to  tin*  DOC  - WB  on  the*  resolution  of  issues  concerning 
the*  operational  programs,  and  to  the  NASA  concerning  the  responsiveness  of  the*  NASA 
R&D  program  to  the  needs  of  NOMSS.  Either  chairman  may  refer  any  issue  to  the* 
Assoc  iate  Administrator  of  NASA  and  to  the  Assistant  Se  cretary  of  Commerce  f or  Science 
and  Technology  for  resolution. 
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SECTION  V.  AMENDMENTS 


This  agreement  may  In*  amended  at  any  lime  by  the  mutual  consent  of  the  Agencies 
coin erned.  The  agreement  will  he  reviewed  formally  for  necessary  changes  at  least  once 
every  two  years  from  the  dale  of  die  agreement  or  as  required  at  the  request  of  either 
agency.  For  particular  programs,  a Memorandum  of  Understanding  may  be  used  at  the 
working  level  to  clarify  any  of  the  functional  responsibilities  and  procedures. 

SECT  ION  VI.  RELEASE  OF  PUBLIC!  INFORMATION 


Release  of  public  information  on  the  operational  and  R&L)  programs  may  be  initiat- 
ed by  either  the  Weather  Bureau  or  by  NASA.  Before  any  [12]  release  is  issued  to  the  pub- 
lic, however,  clearance  and  final  approval  must  be  given  by  the  agency  having  the  assigned 
function  listed  in  Section  2 D or  Section  3 B.  Coordinated  or  joint  releases  should  be 
issued  where  appropriate. 

SECTION  VIE  INTERNATIONAL  REIATIONS 


1.  Regarding  the  international  aspects  of  meteorology  and  space  satellites,  interna- 
tional negotiations  may  be  carried  out  by  either  agency  according  to  its  basic  responsibil- 
ities and  functions  as  defined  in  this  agreement,  with  due  regard  to  the  provisions  2 and 
3 below  and  subject  to  normal  State  Department  policy  guidance. 

2.  Where  such  negotiations  imply  obligations  or  place  commitments  upon  the  other 
agency,  that  agency  will  bo  consulted  in  advance  of  international  agreement  or  commit- 
ment. 

3.  1 he  design  of  Operational  meteorological  systems  will  give*  due  consideration  to 
commitments  already  expressed  or  implied  by  the  United  States. 


Hugh  T.  Dryden 
Deputy  Administrator 
for  JAMES  E.  WEBB 
ADMINISTRATOR,  NASA 
January  30,  1964 


Luther  H.  Hodges 
LUTHER  H.  HODCES 
SECRETARY  OF  COMMERCE 
January  30,  1964 


Document  11-6 

Document  title:  Robert  M.  White,  Administrator,  Environmental  Science  Services 
Administration,  National  Environmental  Satellite  Center,  U.S.  Department  of  Commerce, 
to  Dr.  Homer  E.  Newell,  Associate  Administrator  for  Space  Science  and  Applications, 
NASA,  August  15,  1966. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

'Transcending  the  turf  battles  that  marked  its  relationship  with  NASA  in  the  early  1960s , the  U.S. 
Weather  Bureau  made  progress  during  the  later  half  of  the  decade  in  refining  its  requirements  for  an 
operational  meteorological  satellite  program.  Using  information  gathered  from  three  sejmrate  satellite 
programs — TIROS , Nimbus , and  the  Advanced  Technology  Satellite  (ATS)— in  August  1966,  the 
Weather  Bureau  issued  to  NASA  this  statement  outlining  its  objectives  for  an  operational  meteorolog- 
ical satellite  program. 
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[]]  [rubber  stamped:  “At J ( i 15  1966’] 

Dr.  Homer  K.  Newell 

Associate  Administrator  for  Space 

Science  and  Applications 
National  Aeronautics  and  Space 

Administration 
Washington,  D.C.  20546 

Dear  1 lomer: 

I would  like  to  thank  you  for  the  briefing  given  by  NASA  on  its  proposed  FY  1968 
meteorological  research  and  development  program  at  the  1 July  1906  meeting  of  the 
Meteorological  Satellite  Program  Review  Board  (MSPRB).  As  in  the  past  two  years  our 
comments  are  directed  toward  an  evaluation  of  the  effectiveness  of  your  program  plans  in 
the  development  and  improvement  of  operational  meteorological  satellite  systems. 

In  arriving  at  our  comments  on  the  NASA  R&l)  program,  we  have  reviewed  our  let- 
ters of  the  past  two  years,  based  on  similar  briefings.  We  find  that  significant  progress  was 
made  last  year  with  respect  to  interagency  program  development  and  effective  use  of  avail- 
able resources  in  attempting  to  attain  program  objectives.  Our  primary  objectives  have 
not  changed  and  remain  as  follows:  ( 1)  The  establishment  and  maintenance  of  a satellite 
system  to  obtain  global  observations  on  a regular  basis,  (2)  meteorological  observations 
from  synchronous  altitude,  and  (3)  global  observations  of  atmospheric  structure  needed 
for  numerical  weather  forecasting.  Following  are  specific  comments  with  respect  to  each 
of  these. 

1 . Global  observations  on  a regular  basis. 

file  initial  deployment  of  the  Tiros  Operational  Satellite  (TOS)  system,  with  the 
launch  of  the  FSSA  1 and  KSSA  2 satellites,  has  been  quite  successful  and  is  providing  very 
usef  ul  data  to  the  meteorological  community  throughout  the  world.  Launch  of  KSSA  5 is 
now  imminent  due  to  a recent  camera  failure  on  KSSA  1.  We  are  very  pleased  with  the 
effort,  direction  and  progress  being  made  in  the  ‘TIROS  M”  program.  We  look  forward  to 
this  development  solving  the  major  problem  raised  under  this  objec  tive  in  our  letter  last 
year.  The  program  review  showed  a line  item  for  “improved  HRIR  day/night  imaging  and 
higher  resolution, " to  be  accomplished  by  a two-channel  radiometer  (visible  and  1 1 
microns)  of  high  resolution.  Also,  funds  were  shown  for  development  of  a [2|  multichan- 
nel radiometer  under  the  Nimbus  B flight  program  and  in  the  TOS  improvement  pro- 
gram. [handwritten  underlining  on  original]  We  would  like  to  determine  whether  or  not 
additional  radiometer  development  activity  is  needed  to  meet  the  TOS  system  require- 
ments. Also,  there  is  a strong  requirement  to  increase  the  resolution  of  satellite  c loud  pic- 
tures to  one  mile  (photo  resolution).  We  would  like  to  examine  with  you  the  possible 
technical  approaches  to  meeting  this  requirement  within  the  framework  of  the  TOS  sys- 
tem and  the  probable  costs  of  doing  so.  If  a reasonable  approac  h can  be  found,  from  tlu* 
point  of  view  of  both  cost  and  technology,  we  would  want  to  proceed  with  those  steps  need- 
ed to  provide  this  improved  operational  capability.  We  consider  I best*  programs  essential 
to  (he  full  attainment  of  the  first  objective  and  hope  that  it  will  be  possible  for  NASA  to 
devote  additional  resources  and  increased  priority  in  the  NASA  R&l)  program  to  them. 

2.  Meteorological  observations  from  synchronous  altitude. 

The  continued  progress  on  meteorological  experiments  with  the  ATS  series  is  most 
gratifying.  The  data  relay  experiments  being  planned  jointly  by  NASA  and  KSSA,  in  con- 
junction with  the  spinscan  camera,  will  make1  a major  contribution  to  the  development  of 
the*  World  Weather  Watch. 
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We  an*  pleased  with  the  promptness  and  thoroughness  with  whic  h the  Goddard  Spac  e- 
Flight  Center  conducted  the  feasibility  study  for  a Synchronous  Operational 
Meteorological  Satellite  which  could  be-  built  and  launched  in  a short  time  period  should 
strong  National  interesl  dictate  such  a move.  It  now  appears  likely  that  the  earliest  we  will 
obtain  funds  for  such  a system  will  be  in  our  regular  FY  1968  budget.  Therefore,  with  the 
extra  time  available  for  planning  studies,  it  would  seem  wise  to  examine  the  trade-offs  of 
spacecraft  and  ground  station  cost  and  performance  as  a function  of  system  design,  espe- 
cially with  regard  to  frequencies  and  data  format. 

We  consider  the  continued  strong  emphasis  and  support  of  NASA  in  this  area  to  be 

very  important. 


T Global  observations  of  atmospheric  structure  needed  for  numeiical  weathet  foiecasting. 

As  cited  in  last  year’s  letter  this  goal  continues  to  carry  the  highest  priority  to  FSSA 
from  a meteorological  point  of  view,  because  of  the  importance  of  describing  the  atmos- 
phere adequately  in  terms  required  for  numerical  weather  prediction.  The  schedule  of 
development  of  the  World  Weather  System  is  critically  dependent  upon  progress  in  this 
area.  Therefore,  we  support  ongoing  Nimbus  flights  and  those  of  other  advanced  satellites 
in  the  NASA  program  |3|  which  arc-  devoted  to  attaining  this  objective.  Because  of  the  crit- 
ical importance  of  this  portion  of  the  NASA  program,  we  are  hopeful  that  adequate  pri- 
ority will  continue  to  he  supplied  in  support  of  this  program  element  with  respect  to 
others  in  the  National  budget.  We  hope  NASA  will  continue,  and  if  possible  expand  its 
support  of  tlu-  development  and  Bight  test  of  the  new  sensors  and  supporting  subsystems 
in  its  R&I)  program  in  order  to  provide  the  technology  needed  to  meet  this  objective. 

The  Environmental  Science  Services  Administration  is  now  examining  how  its  present 
and  future  operational  satellites  can  satisfy  environmental  data  requirements  in  other 
areas  than  meteorology.  Undoubtedly  there  will  be  a need  for  R&l)  suppoi  t horn  NASA 
in  these  new  areas.  I suggest  we  review  this  matter  after  our  needs  are  established  and  dis- 
cussions have  been  held  under  the  leader  ship  of  Messrs.  Jaffe  and  D.  S.  Johnson.  We  have 
been  most  pleased  with  the  joint  effort  this  past  year  in  resolving  problems  and  in  allo- 
cating available  resources  to  meet  operational  and  R&I)  meteorological  satellite  needs. 
We  are  looking  forward  to  the  continuation  of  this  excellent  cooperation. 

Sincerely  yours. 


Robert  M.  White 
Administrator 


Document  11-7 

Document  title:  George  E.  Brown,  Jr.,  Chairman,  Committee  on  Science,  Space,  and 
Technology,  U.S.  House  of  Representatives,  to  D.  James  Baker,  Acting  Under  Secretary 
for  Oceans  and  Atmosphere,  U.S.  Department  of  Commerce,  February  22,  1993. 

Document  11-8 

Document  title:  Jim  Exon,  Chairman,  Subcommittee  on  Nuclear  Deterrence,  Arms 
Control  and  Defense  Intelligence,  U.S.  Senate,  to  Ron  Brown,  Secretary  of  Commerce, 
June  2,  1993. 

Source:  Both  in  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 
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These  two  letters,  one  f rom  Congressman  George  E.  Brown , chair  of  the  House  Committee  on  Science , 
Space , and  Technology , «??//  the  other  from  Nebraskan  Senator  Jim  Exon , (7////V  of  the  Senate 
Subcommittee  on  Nuclear  Deterrence , ,4  rms  Control  and  Defense  Intelligence , urged  National  Oceanic 
and  Atmospheric  Administration  (NOAA)  Administrator  D.  James  Baker  and  Commerce  Secretary 
Ron  Brown  to  evaluate  the  concefrt  of  converging  NOAA  s Polar-orbiting  Operational  Environmental 
Satellite  System  with  the  Department  of  Defense's  Defense  Meteorological  Satellite  Program . These  let- 
ters helped  establish  the  political  basis  within  Congress  for  the  convergence  to  take  place. 


Document  11-7 


February  22,  1D93 

Dr.  1).  James  Baker 

Acting  Under  Secretary  for  Oceans  and  Atmosphere 
U.S.  Department  of  Commerce 
Washington,  D.C.  20230 

Dear  Dr.  Baker: 

I want  to  congratulate  you  on  your  selection  to  become  the  next  National  Oceanic 
Atmospheric  Administration  (NOAA)  Administrator.  I look  forward  to  working  with  you 
on  the  very  important  programs  NOAA  has  planned  for  the  future.  The  Committee  on 
Science,  Space,  and  Technology  intends  to  consider  a number  of  dual-use  technology'  and 
defense  convergence  issues  during  the  103rd  Congress.  In  that  regard,  we  believe  that  the 
issues  related  to  the  convergence  of  the  NOAA  Polar  Satellite  Program  with  the  Defense 
Meteorological  Satellite  Program  (DMSP)  should  he  re-examined  to  look  for  potential 
opportunities  for  reducing  overall  costs.  As  you  know,  recent  significant  changes  in  agency 
requirements  and  policies  may  be  more  conducive  to  a merged  system  than  was  the  c ase 
in  the  past. 

In  addition,  I feel  that  the  relationship  between  NOAA  s continuing  operational  glob- 
al  observing  system  and  NASA's  planned  lo-year  Kartli  Observing  System  should  also  be 
examined  to  determine  the  potential  benefits  and  liabilities  ol  closer  cooperation  on 
these  programs.  * 

I believe  that  it  would  he*  prudent  to  examine  these  opportunities  for  convergence 
and  possible  cost  savings  at  the  same  time  rather  than  separately.  Therefore.  I ask  that 
NOAA,  and  as  soon  as  appropriate,  NASA  and  DOD,  jointly  study  and  assess  the  possible 
benefits  and  mechanisms  lor  merging  all  or  parts  of  the  three  programs  and  provide  a 
jointly  developed  plan  to  the  Committee  on  Sc  ience,  Spac  e and  Technology. 

Thank  you  for  your  cooperation. 

Sincerely, 

GEORUE  E.  BROWN,  JR. 

Chairman 
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I 1 1 June  2,  1993 

The  Honorable  Ron  Brown 

Secretary  of  Commerce 

US  Department  of  Commerce 

Herbert  C.  Hoover  Building 

14th  Street  and  Constitution  Avenue,  N.W. 

Washington,  DO.  20230 

Dear  Secretary  Brown: 

I plan  to  make  a statement  on  the  Senate  floor  soon  about  the  weather  satellite  sys- 
tems operated  by  the  Department  of  Defense  (DoD)  and  the  National  Oceanographic 
and  Atmospheric  Administration  (NOAA).  I do  not  believe  that  two  separate  U.S. 
Government  weather  satellite  systems  can  be  justified  any  longer  given  the  budget  prob- 
lems we  face. 

The  DoD  operates  a constellation  of  two  weather  satellites  (ailed  the  Defense 
Meteorological  Satellite!1  Program  (DMSP).  These  satellites  art*  flown  in  sun-synchronous 
polar  orbits  (meaning  that  they  cross  the  same  point  above  the  Earth  twice  a day  at  the 
same  times  every  day).  They  are  built  by  the  General  Electric  Corporation.  They  are 
equipped  with  sensors  for  imaging  clouds,  determining  moisture  and  temperature  in  the 
atmosphere,  and  for  measuring  ocean  currents.  The  data  from  DMSP  is  broadcast  to  tac- 
tical users  over  an  encrypted  link  and  at  the  same*  lime  the  data  is  remotely  relayed  to 
Omaha  s Weather  Central  for  comprehensive  analysis.  Historically,  the  DoD  system’s  pri- 
mary customer  was  a c lassified  intelligence  gathering  program. 

The  National  Oceanographic  and  Atmospheric  Administration  (NOAA)  of  the 
Department  of  Comme  rce  also  operates  a constellation  of  two  weather  satellites  calk'd 
I IROS.  These  satellites  are  also  flown  in  sun-synchronous  polar  orbits,  are  built  by 
General  Electric,  and  have*  sensors  for  imaging  clouds  and  taking  readings  of  moisture* 
and  temperature  in  the*  atmosphere.  TIROS  data  also  is  broadcast  directly  to  users  around 
the  world  as  well  as  to  a central  processing  location  in  the*  United  States.  TIROS  data,  how- 
ever, is  completely  unclassified. 

In  terms  of  c apacity,  the  United  States  does  not  need  four  weather  satellites  in  orbit. 
In  last  year's  defense  authorization  act,  the  conferees  directed  the  Secretary  of  Defense  to 
develop  a comprehensive  space  investment  strategy.  As  [2]  part  of  this  effort,  the  confer- 
ee's directed  DoD  to  examine  anew  the*  potential  for  greater  cooperation  between  civil  and 
military  weather  satellite  programs  in  light  of  changes  in  the*  world  and  budget  pressures. 

Merging  the*  two  sate  llite*  programs  will  take  time — time  to  design  a common  system, 
to  determine  management  arrangements  between  DoD  and  NOAA,  to  build  new  satel- 
lite's, and  to  launch  them.  Both  DoD  and  NOAA  will  obviously  have  to  continue  to  launch 
and  operate*  their  own  systems  until  the  new  system  can  be  deployed. 

Ide  ally,  DoD  and  NOAA  would  run  out  of  their  current  satellites  at  precisely  the  same 
time*  and  precisely  when  the*  new  system  became  operational.  It  appears  that  this  is  possi- 
ble, but  not  without  some  planning. 

East  year  Congress  directed  NOAA  to  procure  two  more  TIROS  satellites.  If  this  hap- 
pens, NOAA  will  have  7 satellites,  which  could  last  until  2005,  and  DoD’s  inventory  of 
9 DMSP  satellites  will  last  until  2007  or  longer.  That  would  mean  waiting  12  to  15  years  to 
deploy  a common,  merged  satellite  system  and  waiting  several  years  before  starting 
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development  work  on  a new,  common  satellite.  File  Government  ought  lo  examine 
whether  it  would  make  more  sense  to  speed  tilings  up. 

I propose  that  DoD  consider  transferring  to  NOAA  two  DMSP  buses,  which  NOAA  could 
then  modilv  lor  the  TIROS  configuration  and  add  to  it  the  TIROS  sensors.  This  would  give 
DoD  and  NOAA  7 satellites  each.  It  would  save  money  in  the  short  term,  some  of  Which 
could  be  used  to  fund  development  of  a common  satellite  system.  This  is  important  because 
budgets  are  so  tight  for  both  DoD  and  NOAA  that  neither  may  be  able  lo  afford  modern- 
ization on  their  own.  It  would  also  mean  that  DoD  and  NOAA  would  likely  use  up  their 
inventories  at  about  the  same  time,  for  a smooth  transition  to  a new  common  system. 

I am  w riting  to  urge  you  and  Deputy  Secretary  of  Defense  Perry  to  create  a formal  work- 
ing group  under  appropriate  senior  officials  to  attempt  to  resolve  any  outstanding  issues 
standing  in  the  way  of  merging  the  two  government  polar-orbiting  weather  satellite  systems. 

What  is  required  is  leadership  from  both  agencies  to  resolve  issues  of  data  encryption; 
management  of  a merged  system;  potential  transfer  of  DoD  assets  to  NOAA;  integration 
with  European  meteorological  satellite  efforts;  and  cooperation  with  NASA  on  the  Earth 
Observing  System  polar  platform. 

[3]  To  take  one  example,  without  the  personal  involvement  of  you  and  Secretary  Perry, 
subordinate  DoD  officials  will  continue  to  insist  that  data  must  be  encrypted  and  NOAA 
will  insist  that  encryption  is  not  acceptable.  My  suspicion  is  that  the  case  for  encryption 
rests  on  weak  arguments,  given  the  availability  of  geosynchronous  satellites,  and 
European,  Chinese,  Russian,  and  NOAA  systems  all  broadcasting  in  the  clear.  On  the 
other  hand,  NOAA  may  be  shortsighted  in  disregarding  othe  r national  interests  that 
might  justify  some  form  of  encryption  capability.  Resolving  this  type  of  problem  requires 
creativity  from  top  policymakers. 

The  nation  cannot  afford  to  maintain  and  modernize  two  satellite  weather  constella- 
tions. Working  together,  however,  DoD,  NOAA  and  NASA  could  pool  resources,  achieve 
efficiency  and  improve  capabilities  at  reduced  cost  to  the  taxpayer. 

I look  forward  to  hearing  your  views. 


Sincerely, 

Jim  Exon 

United  Slates  Senator 


cc:  Deputy  Secretary  of  Defense  William  Perry 
Vice  President  A1  Gore 
NASA  Administrator  Goldin 


Document  11-9 

Document  title:  National  Performance  Review,  Department  of  Commerce,  “Establish  a 
Single  Civilian  Operational  Environmental  Polar  Satellite  Program,”  September  30,  1993. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  document  spells  out  the  financial  advantages  of  achieving  the  consolidation  of  the  National 
Oceanic  and  Atmospheric  Administration's  Polar-orbiting  Operational  Environmental  Satellite 
System  and  the  Defense  Dejmrtment 's  Defense  Meteorological  Satellite  Program.  It  also  points  out  that 
a consolidated  or  converged  system  with  NASA  involvement  could  make  efficient  use  of  AT \A  s devel- 
opment of  new  Earth  observation  instruments.  Phis  document  was  part  of  the  Clinton  administra- 
tion s National  Per for  man  ee  Rnunc. 
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Department  of  (Commerce 

Accompanying  Report  of  the  National  Performance  Review 
Office  of  the  Vice  President 
Washington,  DC 

September  1993 

DOC  12:  Establish  a Single  Civilian  Operational  Environmental  Polar  Satellite  Program 
Background 

The  United  State's  is  committed  to  an  operational  environmental  polar  satellite  pro- 
gram because  of  the  critical  value  of  the  data  the  satellites  collect.(l)  Polar  satellites  col- 
lect temperature*  and  moisture  measurements  (key  inputs  to  computer  weather  prediction 
models  generating  all  national  three-  to  five-day  weather  forecasts);  measurements  of  the 
Antarctic  ozone  levels;  long-term  environmental  measurements  used  to  support  global  cli- 
mate change  studies;  sea  surface*  temperature  measurements;  and  global  cloud-cover 
images.  Polar  satellites  also  provide  other  valuable  support  missions,  such  as  monitoring 
emergency  distress  be  acons  to  aid  search  and  rescue  missions  and  worldwide  data  collec- 
tion to  support  a variety  of  activities,  such  as  endangered  species  monitoring. 

However,  at  present,  the  nation  maintains  two  polar-orbiting  meteorological  satellite 
systems;  (1)  tin*  National  Oceanic  and  Atmospheric  Administration  (NOAA)  Polar- 
orbiting  Operational  Environmental  Satellite  (POES)  for  civil  forecasting  and  research 
purposes;  and  (2)  the  Department  of  Defense  (DOD)  Defense  Meteorological  Satellite 
Program  (DMSP)  for  national  security  purposes. 

In  addition  to  these  programs,  the  National  Aeronautic  and  Spate  Administration 
(NASA)  has  initiated  a climate  research  program  called  Mission  to  Planet  Earth  (MTPE). 
A key  portion  of  this  effort  is  the  Earth  Observing  System  (EOS),  a series  of  six  different 
satellites  measuring  various  parameters  critical  to  understanding  global  climate  change. 
One  of  these  satellites  is  called  the  EOS-PM  (PM  indicating  that  the  satellite  passes  over 
tin*  equator  in  the  afternoon).  The  climate  monitoring  instruments  on  EOS-PM  are  basi- 
cally more  modern  versions  of  the  meteorological  instruments  currently  flying  on  the 
NOAA  weather  satellites.  In  essence,  the  nation  will  have  three  different  satellite  systems 
with  very  similar  capabilities. 

Over  the  past  20  years,  the  POES  and  DMSP  programs  have  made  numerous  attempts 
to  converge  to  the  greatest  extent  possible. (2)  The  programs  have  similar  spacecraft,  use 
a common  launch  vehicle,  share  products  derived  from  the  data,  provide  complementary 
environmental  data  to  the  nation,  and  work  closely  together  on  research  and  develop- 
ment efforts.  In  all,  the  programs  achieved  substantial  commonality,  hut  national  security 
concerns  have  precluded  full  convergence. (3) 

1)01)  has  stated  it  would  manage  a converged  system,  hut  a single  program  run  by 
1)01)  was  and  still  is  unacceptable  given  international  concern  over  the  militarization  of 
spac  e. (1)  Today,  however,  with  the  end  of  the  Cold  War,  the  issues  whic  h have  precluded 
complete  convergence  seem  to  have  diminished  in  importance.  (5)  With  both  programs 
planning  a new  satellite  design,  the  time  is  appropriate  to  consolidate  their  efforts. 

The  EOS-PM  climate  research  satellite  is  being  designed  with  the  idea  that  many  of 
the*  instruments  can  he  used  by  NOAA  within  the  POES  program.  Phis  continues  a his- 
torical NOAA-NASA  relationship  wherein  NASA  develops  new  technology  and  demon- 
strates prototype  hardware,  ami  NOAA  buys  identical  units  for  continued  operational 
support. (b)  However,  current  plans  involve  flying  EOS-PM  for  If)  years,  elut  ing  which  time 
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POES  also  will  have  operational  satellites. (7)  Over  most  of  this  period,  both  programs 
would  he  Hying  duplicate  instruments.  The  nation  would  be  more  efficiently  served  if 
NASA  would  develop  and  ily  the  prototypes  once  and  then  transfer  the  systems  to  NOAA  s 
operational  program  for  future  (lights. 

Convergence  studies  began  in  1972  and  have  continued  ever  since. (8)  NOAA  recently 
performed  an  internal  study  of  the  opportunities  available  through  convergence  of  the  pro- 
grams. (9)  Recently,  initial  talks  have  begun  among  the  three  agencies  with  the  goal  of  per- 
forming another  study  of  convergence  opportunities  among  the  three  programs.  ( 1 0)  What 
is  needed,  however,  is  a dear  decision  to  create  a single,  civilian  polar  satellite  program. 

Currently,  the  NOAA  POES  program,  the  DOD  DMSP  program,  and  the  NASA  EOS- 
P\1  program  all  are  in  various  stages  of  developing  new  spacecraf  t and  instruments.  In  the 
next  10  years,  the  estimated  total  cost  for  these  three  efforts  exceeds  $6  billion  in  devel- 
opment, production,  and  operations  costs.  However,  many  policy  makers  feel  that  the 
nation  cannot  afford  to  develop  three  separate  satellite  systems  with  such  similar  missions. 

For  example,  Congressman  George  Brown  of  California  has  stated  that  a converged 
system  seems  more  achievable  than  in  the  past.  He  therefore  has  directed  NOAA  to  work 
with  DOD  and  NASA  to  “jointly  study  and  assess  the  possible  benefits  and  mechanisms  for 
merging  all  or  parts  of  the  three  programs. ”( 1 1)  Senator  James  Exon  of  Nebraska  was 
more  direct  in  his  letters  to  DOD  and  Commerce:  ‘The  nation  cannot  afford  to  maintain 
and  modernize  two  satellite  weather  constellations.’  (12)  Recently,  at  the  National  Space 
Outlook  Conference,  Air  Force  General  Charles  Horner,  Commander  United  States 
Space  Command,  slated:  “How  you  do  convergence  is  really  the  question,  not  if  you  do 
convergence. "( 1 3) 

A single  operational  polar  satellite  program  could  meet  the  needs  of  all  users  by  incor- 
porating key  DOD  requirements  into  the  NOAA  POES  program.  Furthermore,  the  syner- 
gy achieved  through  DOD  and  NOAA  cooperation  could  allow  both  agencies  to  meet 
critical  operational  requirements  (such  as  collecting  oceanographic  and  global  tropos- 
pheric wind  data)  which  neither  agency  has  been  able  to  afford  alone.  The  converged 
operational  program  could  save  additional  costs  by  using  the  NASA  EOS  program  s state- 
of-the-art  spacecraft  and  instruments  instead  of  forcing  NOAA  to  design  and  build  its  own. 
The  result  would  be  a single  development  program  (compared  to  the  three  planned 
today)  and  minimal  overlap  between  NASA’s  climate  research  and  the  NOAA-DOD  con- 
verged operational  meteorological  missions. 

The  difficulty  will  be  to  successfully  incorporate  DOD  requirements  into  the  program. 
Based  upon  historical  studies,  key  areas  requiring  consideration  are  data  deniabilitv,  orbit 
selection,  international  cooperation,  and  adequate  over  sight  to  ensure  DOD  concerns  art* 
adequately  met. (14)  The  following  summarizes  how  each  of  these  can  be  addressed: 

Data  deniabilitv.  The  satellite  must  broadcast  data  free  to  everyone  but  also  have  the 
capability  to  deny  data  to  specific  adversaries.  New  technology,  such  as  that  used  to  deny 
cable-TV  pay  channels  to  non-subscribers,  makes  this  task  easier. 

Orbit  selection.  Currently,  the  DOD  desires  the  capability  to  c hange  its  satellite  orbits 
depending  on  mission  requirements.  Past  studies  have  identified  a three-satellite1  constel- 
lation as  sufficient  for  meeting  all  orbit  needs. (15)  Allowing  DOD  to  influence  orbits 
selection  should  alleviate  their  concerns. 

International  cooperation.  A NOAA-led  system  could  easily  maintain  and  even 
improve  international  cooperation  in  environmental  data  exchange.  However,  since 
NOAA  plans  to  use1  foreign  satellites  as  part  of  the  converged  program,  DOD  may  be  reluc- 
tant to  rely  upon  foreign  satellites  for  important  data.  This  concern  could  be  alleviated  by 
maintaining  one  or  more  ground  spare  U.S.  satellites  at  all  times  that  could  be  launched 
if  a foreign-con  trolled  satellite  ever  became  unreliable. 
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( Kersight.  DOI)  will  require  sonic  mechanisms  lo  ensure  their  requirements  contin- 
ue to  be  met.  Possible  implementation  details  could  involve  including  1)01)  user  and 
acquisition  experts  in  the  NOAA  program  offices  and  operations  fac  ilities,  allowing  DOD 
to  fund  and  manage  DOD-unique  parts  of  the  program,  and  establishing  an  interagency 
oversight  group  to  which  the*  program  would  have  to  report  periodically  to  ensure  that  all 
agency  requirements  were  adequately  met.  Such  oversight  mechanisms  should  not  be  dif- 
ficult to  achieve.  The  driving  force  behind  this  effort  is  clearly  the  desire*  to  reduce  costs. 

Further  cost  reduction  could  be  achieved  through  greater  international  participation. 
According  to  Dr.  Ray  A.  Williamson  of  the  Office  of  Technology  Assessment:  “(heater 
international  coordination  and  collaboration  on  sensors  and  systems  . . . will  eventually  be 
needed  in  order  to  reap  the  greatest  benefit  from  the*  world-wide  investment  in  remote 
sensing.  ”( 1 (>) 

NOAA  is  already  working  on  such  arrangements  in  its  POPS  program  by  asking  the 
Europeans  to  assume  a greater  role.  An  agreement  in  principle*  has  been  readied  between 
NOAA  and  the*  European  Organization  for  the  Exploitation  of  Meteorological  Satellites 
(EUMEISAI)  whereby  El  MEISAI  will  purchase,  launch,  and  operate*  one  of  the  two 
current.  POES  missions  beginning  in  the  year  2000.  This  will  save  the  IJ.S.  more  than  $100 
million  foi  eac  h launch  of  one  of  these  satellites.  Such  cooperation  with  the  Europeans  is 
an  important  component  of  cost-efficient  operations  and  is  the*  first  step  to  a truly  inter- 
national environmental  satellite  observing  system. 

Action 


Legislation  should  be  enac  ted  to  establish  a single  environmental  polar  satellite  pro- 
gram under  the*  direc  tion  of  NOAA. 

Congress  should  enact  legislation  to  establish  a single*  environmental  polar  satellite 
under  the*  direction  of  NOAA.  The  legislation  should  direct  NOAA,  NASA,  and  DOI)  to 
undertake  activities  to  establish  this  effort  within  their  existing  programs. 

Implications 

I he*  proposed  changes  would  allow  for  a more  efficient,  less-costly  global  satellite 
observation  program.  A strong,  efficient  U.S.  polar  environmental  monitoring  program 
would  he*  the*  foundation  for  a cooperative  international  system.  The  Europeans  already 
plan  to  increase  funding  for  an  element  of  this  system.  With  a solid,  unified  U.S.  national 
program  in  place,  other  countries  may  align  their  programs  to  complement  the*  basic  sys- 
tem. 1 he  result  will  be  additional  environmental  data  collected  at  minimal  cost  to  the 
nation.  The*  convergence  concept  provides  a feasible  and  cost-effective  opportunity  to 
accurately  monitor  and  predict  the  impact  of  the  environment  on  the  world’s  societies. 

I he  greatest  difficulty  in  the  proposal  will  be  to  ensure  that  a single,  national  program 
under  civilian  leadership  will  be  responsive  to  national  security  needs.  However,  these  con- 
cerns can  be  met  much  more  easily  now  than  they  could  have  in  the  past. 

Fiscal  Impact 


Cost  savings  over  ten  years  would  total  about  $1.3  billion.  This  is  based  on  a three- 
satellite  system  (with  European  participation)  relying  on  NASA  to  develop  new  hardware. 
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Budget  Authority  (BA)  and  Outlays  (Dollars  in  Millions) 


Fiscal  Year 


1994 

1995 

1996 

1997 

1998 

1999 

Total 

BA 

0.0 

0.0 

-75.0 

-75.0 

-75.0 

-75.0 

-800.0 

Outlays 

0.0 

0.0 

-50.0 

-70.0 

-75.0 

-75.0 

-270.0 

( Change 
in  FT Es 

0 

0 

0 

0 

0 

0 

0 
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Document  11-10 

Document  title:  Presidential  Decision  Directive/NSTC-2,  The  White  House,  “Convergence 
of  U.S.  Polar-orbiting  Operational  Environmental  Satellite  Systems,”  May  5,  1994. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  document , the  result  of  a recommendation  from  the  Clinton  administration  s Xational 
Performance  Rei'inv,  lays  out  a broad  plan  for  the  convergence  of  the  U.S.  Polcir-orbtliug 
Environmental  Satellite  System,  operated  by  the  National  Oceanic  and  Atmospheric  Administration 
(NOAA),  with  the  Defense  Meteorological  Satellite  Program  ’s  polar-orbiting  system,  operated  by  the 
US.  Air  force.  It  calls  for  the  establishment  of  an  Integrated  Program  Office  by  October  1,  1994,  to 
be  operated  jointly  fry  the  Departments  of  Commerce  and  Defense  and  by  NASA.  It  gives  NOAA  the 
lead  responsibility  for  operating  the  converged  system.  The  Department  of  Defense  would  he  responsi- 
ble for  major  systems  acquisition,  and  NASA  would  lead  in  ‘facilitating  the  development  and  rnser- 
don  of  fine  cost  effective  technologies  ” into  the  system. 
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SUBJECT:  Convergence  of  U.S.  Polar-orbiting  Operational  Environmental  Satellite  Systems 
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I.  Introduction 

I he  United  States  operates  civil  and  military  polar-orbiting  environmental  satellite 
systems  which  colled,  process,  and  distribute  remotely-sensed  meteorological,  oceano- 
giaphic,  and  space  environmental  data.  I he  Department  of 'Commerce  is  responsible  for 
the  Polar-orbiting  Operational  Environmental  Satellite  (POES)  program  and  the 
Department  of  Defense  is  responsible  for  the  Defense  Meteorological  Satellite  Program 
(DMSP).  The  National  Aeronautics  and  Space  Administration  (NASA),  through  its  Earth 
Observing  System  (EOS-PM)  development  efforts,  provides  new  remote  sensing  and 
spacecraft  technologies  that  could  potentially  improve  the  capabilities  of  the  operational 
system.  While  the  civil  and  military  missions  of  POES  and  DMSP  remain  unchanged, 
establishing  a single,  converged,  operational  system  can  reduce  duplication  of  efforts  in 
meeting  common  requirements  while  satisfying  the  unique  requirements  of  the  civil  and 
national  security  communities.  A converged  system  can  accommodate  international  coot>- 
eration,  including  the  open  distribution  of  environmental  data. 


II.  Objectives  and  Principles 

The  United  States  will  seek  to  reduce  the  cost  of  acquiring  and  operating  polar- 
oi biting  environmental  satellite  systems,  while  continuing  to  satisfy  l S.  operational 
requirements  for  data  from  these  systems.  The  Department  of  Commerce  and  the 
Department  of  Defense  will  integrate  their  programs  into  a single,  converged,  national 
polar-orbiting  operational  environmental  satellite  system.  Additional  savings  may  be 
achieved  by  incorporating  appropriate  aspects  of  NASA’s  Earth  Observing  System. 

The  converged  program  shall  be  conducted  in  accordance  with  the  following  principles: 
— Operational  environmental  data  from  polar-orbiting  satellites  are  important  to  the 
achievement  of  U.S.  economic,  national  security,  scientific,  and  foreign  policy  goals. 
Assured  access  to  operational  environmental  data  will  be  provided  to  meet  civil  and 
nation  security  requirements  and  international  obligations. 

I he  United  States  will  ensure  its  ability  to  selectively  deny  critical  environmental  data 
to  an  adversary  during  crisis  or  war  yet  ensure  the  use  of  such  data  by  U.S.  and  Allied 
military  forces.  Such  data  will  be  made  available  to  other  users  when  it  no  longer  has 
militai  y utility.  I he  implementing  ac  tions  will  be*  accommodated  within  the  overall 
resource  and  policy  guidanc  e of  the  President. 

III.  Implementing  Ac  tions 

a.  Interagency  Coordination 

1.  Integrated  Program  Office  (IPO) 

I lie  Departments  of  ( Commerce  and  Defense1  and  NASA  will  c reate  an  Integrated 
Program  Office  (IPO)  for  the  national  polar-orbiting  operational  environmental  satellite 
system  no  later  than  October  1,  1994.  The  IPO  will  be  responsible  for  the  management, 
planning,  development,  fabric  ation,  and  operations  of  the  converged  system.  The  IPO  will 
be  under  the  direction  of  a System  Program  Director  (SPD)  who  will  report  to  a triageney 
Executive  Committee  via  the-  Department  of  Commerce’s  Under  Secretary  for  Oceans 
and  Atmosphere. 

2.  Executive  Committe  e (EXCOM) 

The  Departments  of  Commerce  and  Defense  and  NASA  will  form  a convergence 
EXCOM  at  the  Under  Sec  retary  level.  The  members  of  the  EXCOM  will  ensure  that  both 
c bil  and  national  security  requirements  are  satisfied  in  the  converged  program,  will  c oor- 
dmatc  program  plans,  budgets,  and  policies,  and  will  ensure  that  agency  funding  com- 
mitments are  equitable  and  sustained.  I be  three  member  agenc  ies  of  the  EXCOM  will 
develop  a proc  ess  lor  identifying,  validating,  and  documenting  observational  and  system 
requirements  for  the  national  polar-orbiting  operational  environmental  satellite  system. 
Approved  operational  requirements  will  define  the-  converged  svstcin  baseline  whic  h the 
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JI>< } vvi,!  l,S(‘  t()  dt‘vt‘loP  agency  budgets  for  research  and  development,  system  acquisitions, 
and  operations. 

b.  Agency  Responsibilities 

I-  Department  of  Commerce 

I he  Depai  tment  of  Commerce,  through  NOAA,  will  have  lead  agency  responsi- 
l)i lily  to  the  KXCOM  (or  the-  converged  system.  NOAA  will  have  lead  agency  responsibili- 
ty to  support  the  IPO  for  satellite  operations.  NOAA  will  nominate  the  System  Program 
Direc  tor  who  will  he  approved  by  the  KXCOM.  NOAA  will  also  have-  the  lead  responsibil- 
ity lot  intet facing  with  national  and  international  civil  user  communities,  consistent  with 
national  security  and  foreign  polit  y requirements. 

2.  Department  of  Defense 

^ I he  Department  of  Defense  will  have  lead  agency  responsibility  to  support  the 
flO  in  major  system  acquisitions  necessary  to  the  national  polar-orbiting  operational  envi- 
ronmental satellite  system.  DOD  will  nominate  the  Principal  Deputy  System  Program 
Director  who  will  be  approved  by  the  System  Program  Director. 

3.  National  Aeronautics  and  Space  Administration 

NASA  wiM  have  lead  agency  responsibility  to  support  the  IPO  in  facilitating  the 
developme  nt  and  inser  tion  of  new  cost  effective  technologies  that  enhance  the  ability  of 
the  converged  system  to  meet  its  operational  requirements. 

c.  International  (Cooperation 

Plans  for  and  implementation  of  a national  polar-orbiting  operational  environmental 
satellite  system  will  be  based  on  U.S.  c ivil  and  national  sec  urity  requirements.  Consistent 
with  this,  the  United  State  s will  seek  to  implement  the  converged  system  in  a manner  that 
encourages  cooperation  with  foreign  governments  and  international  organizations.  This 
cooperation  will  he*  conduc  ted  in  support  of  these  requirements  in  coordination  with  the* 
Department  of  State  and  other  interested  agencies. 

d.  Budge  t Coordination 

Budgetary  planning  estimates,  developed  by  the  IPO  and  approved  by  the  KXCOM, 
will  se  rve*  as  the  basis  for  agenc  y annual  budget  requests  to  the*  Preside  nt.  Pin*  IPO  plan- 
ning process  will  he*  consistent  with  agencies  internal  budget  formulation. 

IV.  Implementing  Doc  uments 

a * “Implementation  Plan  for  a Converged  Polar-orbiting  Knvironmental 
Satellite  System"  provides  greater  definition  to  the  guidelines  contained  within  this  policy 
directive*  for  creating  and  conducting  the  converged  program. 

b.  By  October  1,  1994,  the  Departments  of  Commerce  and  Defense  and  NASA  will 
conclude  a triagency  memorandum  of  agreement  which  will  formalize  the  details  of  the 
agencies'  integrated  working  relationship,  as  defined  by  this  directive,  specifying  each 
agency  s responsibilities  and  commitments  to  the  converged  syste*m. 

V.  Reporting  Requirements 

a.  By  Novcml>er  I,  1994,  ihe  Department  of  Commerce,  the  Department  of 
Defense,  and  NASA  will  submit  an  integrated  report  to  the  National  Science  and 
I c*(  hnology  Counc  il  on  the  implementation  status  of  tlu*  national  polar-orbiting  opera- 
tional environmental  satellite  system. 

b.  for  the  fiscal  year  1990  budget  process,  the  Departments  of  Commerce  and 
1)<  fc*nse  and  NASA  will  submit  agency  budget  requests  based  on  the*  converged  system,  in 
ac  cordance  with  the  milestones  established  in  the  Implementation  Plan. 

c . for  fiscal  year  1997  and  beyond,  the  IPO  will  provide,  prior  to  the*  submission  of 
cadi  fiscal  year's  budget,  an  annual  report  to  the  National  Science  and  Technology 
Counc  il  on  the*  status  of  the  national  polar-orbiting  operational  environmental  satellite 
system. 
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Document  11-11 

Document  title:  D.  James  Baker,  Under  Secretary  for  Oceans  and  Atmosphere,  U.S. 
Department  of  Commerce,  to  John  Morgan,  Director,  EUMETSAT,  May  6,  1994. 

Document  11-12 

Document  title:  D.  James  Baker,  Under  Secretary  for  Oceans  and  Atmosphere,  U.S. 
Department  of  Commerce,  to  Jean-Marie  Luton,  Director,  European  Space  Agency, 
May  6,  1994. 

Source:  Both  in  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

These  letters,  which  follow  from  the  Presidential  Derision  Directive  of  the  previous  day  ( May  5,  I 994), 
respectively  invite  EUMETSAT  to  join  the  converged  satellite  system  and  formally  inform  the 
European  Space  Agency  of  the  invitation. 


Document  11-11 


[rubber  stamped:  “May  b,  1994”) 


Mr.  John  Morgan 

l ) ircc  tor,  KU  M K I S A I 

Am  Eliengrund  45 

1)4)4242  Dai  instadt-Kberstadl 

Germany 

Dear  John: 

1 am  pleased  to  invite  the  European  Organisation  for  the  Exploitation  oi 
Meteorological  Satellites  (EUMETSAT)  to  consider  expanded  cooperation  as  an  impor- 
tant partner  in  the  United  States  converged,  polar-orbiting  operational  environmental 
satellites  program. 

Tim  week,  the  President  has  directed  the  National  Oceanic  and  Atmospheric 
Administration  (NOAA),  the  Department  of  Defense  (DOD)  and  the  National 
Aeronautics  and  Space  Administration  (NASA)  to  work  together  to  implement  a con- 
verged system  which  integrates  NOAA  and  DOD  systems  while  capitalizing  on  NASA  tech- 
nology. Building  on  longstanding  plans  to  cooperate  with  European  partners  in  this  area, 
ihe  IPS.  Government's  preferred  option  for  such  cooperation  includes  the  ME  I OP  satel- 
lite series  assuming  U.S.  missions  requirements  (dr  such  cooperation  can  he  achieved. 

Cooperation  with  the  METOP  satellite  series  and  our  EUMETSAT  and  ESA  partners 
is  critical  to  our  efforts  to  enhance  further  development  of  a global  operational  observing 
system.  Inclusion  of  METOP  as  one  of  three  elements  in  the  preferred  converged  satellite 
constellation  underscores  the  importance  we  place  on  environmental  satellite  coopera- 
lion  with  our  European  partners. 
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Recognizing  these  important  benefits  in  cooperation,  we  propose  that  EUMETSAT 
join  us  in  exploring  the  accommodation  of  converged  system  mission  requirements  in  the 
joint  polar  system  planning  that  is  already  underway. 


Sincerely, 


[hand-signed:  “Jim”J 
D.  James  Baker 


< < : Jean-Marie  Luton,  LSA 


Document  11-12 


[rubber  stamped:  “May  b,  1994”] 


Mr.  Jean-Marie  Luton 

Director,  Kuropcan  Space  Agency 

8-10,  rue  Mario-Nikis 

75788  Paris  Cedex  15 

France 

Dear  Jean-Marie: 

I am  writing  to  you  in  recognition  of  the  important  role  of  the  Furopean  Space 
Agency  (ESA),  together  with  the  European  Organisation  for  the  Exploitation  of 
Me  teorological  Satellites  (EUMETSAT),  in  the  METOP  satellite  series. 

This  week,  the  President  directed  the  National  Oceanic  and  Atmospheric 
Administration  (NOAA),  the  Department  of  Defense  (DOD)  and  the  National 
Aeronautics  and  Space  Administration  (NASA)  to  work  together  to  implement  a con- 
verged system  which  integrates  NOAA  and  DOD  systems  while  capitalizing  on  NASA  tech- 
nology. Building  on  our  longstanding  plans  to  cooperate  with  European  partners  in  this 
area,  the  U.S.  Government's  preferred  future  satellite  constellation  includes  the  METOP 
satellite  series. 

Cooperation  with  the  METOP  satellite  series  and  our  EUMETSAT  and  ESA  partners 
is  critical  to  our  efforts  to  enhance  f urther  development  of  a global  operational  observing 
system.  Our  long-term  understanding  is  that  METOP-related  cooperation  will  be 
addressed  in  a NOAA/EUMETSAT  Agreement  closely  associated  with  an  Agreement 
between  EUMETSAT  and  ESA.  Our  desire  to  include  METOP  as  one  of  three  elements  in 
the  converged  satellite  constellation  underscores  the  importance  we  place  on  environ- 
mental satellite  cooperation  with  our  European  partners. 

Recognizing  the  important  benefits  to  cooperation,  we  are  proposing  that  EUMET- 
SAT join  NOAA  in  exploring  the  accommodation  of  converged  system  mission  require- 
ments into  the  joint  United  States/ European  polar  system  planning  that  is  already 
underway. 


cc:  John  Morgan,  EUMETSAT 


Sincerely, 

[hand-signed:  ‘‘Jim”] 
D.  James  Baker 
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Document  11-13 

Document  title:  Peter  C.  Badgley,  Program  Chief,  Natural  Resources,  NASA,  “Current 
Status  of  NASA’s  Natural  Resources  Program,”  Proceedings  of  the  Fourth  Symposium  on 
Remote  Sensing  of  Environment  held  12,  13,  14,  April  1966  (Ann  Arbor,  MI:  University  of 
Michigan,  1966),  pp.  547-558. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

NASA  began  its  natural  resources  program  in  1965  with  the  goal  of  studying  the  Earth  from  spare . 
Unsure  of  what  observational  technique  offered  the  greatest  utility , the  agency  conducted  a number  oj 
experiments  from  aircraft  in  an  attempt  to  determine  optimal  instrument  design  for  satellites.  Peter 
Badgley,  head  of  the  Natural  Resources  Program  at  NASA,  presented  the  results  of  the  expenments  at 
a symposium  on  remote  sensing  sponsored  try  the  Department  of  the  Navy  s Office  of  Naval  Research 
and  the  Air  Force  Cambridge  Research  Laboratories.  The  results  helped  clarify  issues  about  coordina- 
tion between  NASA  and  the  Ihjmrtment  of  the  Interior,  which  was  interested  in  beginning  an  Earth 
resource  sunny  program  of  its  own. 
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Current  Status  of  NASA’s  Natural  Resources  Program 

Peter  C.  Badgley 

Program  Chief,  Natural  Resources 
National  Aeronautics  and  Space  Administration  Headquarters 
Washington,  D.C. 


ABSTRACT 


The  National  Aeronautics  and  Space  Administration  (NASA)  is  supporting  research 
activities  in  those  areas  of  remote  sensing  from  Earth-orbiting  spacecraft  which  arc  relat- 
ed to  the  study  of  natural  cultural  resources.  These  sensors  are  believed  to  possess  a num- 
ber of  unique  advantages  for  the  discovery,  inventory,  evaluation,  development  and 
conservation  of  such  resources.  Many  Government  agencies,  universities,  and  research 
institutions  are  cooperating  with  NASA  in  this  effort.  The  current  status  of  this  program 
is  described  in  this  paper. 

1 . INTRODUCTION  AN1)  OBJECTIVES  OF  NASA’S  NATURAL  AND 
CULTURAL  RESOURCES  PROGRAM 

Natural  resources  are  defined  as  those  naturally  occurring  materials,  such  as  mineral 
deposits,  timberstands,  and  fresh  water,  which  are  of  value  to  mankind.  Cultural  resources 
are  defined  as  those  items  of  value  to  man  whic  h result  from  his  own  activities  and  are  in 
general  derived  from  the  natural  resources. 

Since  World  War  I airborne  mapping  by  photographic  means  has  been  used  exten- 
sively for  the  study  of  natural  and  cultural  resourc  es.  Radar  and  infrared  sensors  have 
been  used  to  a lesser  extent.  Historically,  the  development  and  use  of  such  techniques  has 
been  fostered  by  the  military,  but  in  recent  years  there  have1  been  widespread  applications 
beyond  the  military  field.  During  the  past  three  decades  civil  and  commercial  interests 
have  also  used  airborne  imaging  devices  very  successfully.  In  addition,  gravity,  magnetic, 
and  radioactive  measuring  instruments  have  been  applied  to  the  search  for  mineral  and 
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petrole  um  deposits.  In  the  past  lew  years  imaging  sensors  in  unmanned  and  manned 
spacecraft  have  been  employed  to  provide  the  first  true  synoptic  coverage  of  the  lithos- 
phere, hydrosphe  re,  and  atmosphere. 

I he*  objectives  ol  the1  NASA  Natural  Resources  Program  are*  as  follows: 

1.  Io  de  te  rmine*  those  natural  and  cultural  re  source*  elata  which  can  be*  acquired 
best  from  spacecraft  for  the  bemefit  of  mankind. 

2.  Io  te*st  and  develop  the*  best  combination  of  observational  procedures,  instru- 
ments, subsystems,  and  interpretive  technique's  for  the*  acejuisition  and  study  of 
terrestrial,  lunar,  and  planetary  natural  and  cultural  resource  elata  from  space- 
craft. 

.U  fo  determine  how  the  increased  frequency  and  synoptic  coverage  uniquedy 
afforded  by  spacecraft  observations  can  aid  the*  study  of  time*  variant  and  relative- 
ly unchanging  phenomena  on  the*  surface  of  the  Earth. 

4.  Io  elevelop  improved  methods  of  displaying  and  disseminating  space-accpiired 
natural  and  cultural  resource  data  on  a global  basis  suitable  for  utilization  [548] 
by  scientific,  techn  ical,  and  commercial  interests. 

5.  Io  determine*  which  natural  and  cultural  resource*  elata  can  be*  most  effectively 
and  economically  obtained  by  manned  spacecraft,  unman neel  satellite,  interro- 
gation of  surface*  sensors,  or  the?  means  currently  being  used. 

<).  Io  discover,  by  virtue  of  trained  scientists  in  spacecraft,  what  unforeseen  natural 
and  cultural  resources  or  geoscience  phenomena  may  be  observable  from  the 
overvie  w available  at  orbital  altitudes. 

A large  number  of  potential  users  having  interests  in  a variety  of  ge*oscie*nlific  proI>- 
Icms  and  applications  have*  been  idenlifled: 

1.  Agriculture/Forestry  Resources, 

2.  (Geography  (Cultural  Resources), 

5.  Geology/ Hydrology  (Mineral  and  Water  Resources), 

4.  Oceanography  (Marine  Resources). 

2.  POSSIBLE  PHENOMENA  WHICH  MAY  BE  OBSERVED  AND 
REA :ORDHI)  AD VANTAGEA ) U SLY  EROM  SPACECRAFT 

Figure  1 gives  a partial  listing  of  phenomena  which  can  be  advantageously  “mapped" 
horn  space  and  those  types  of  sensors  that  may  be  used,  based  on  the  state-of-the-art.  As 
new  or  better  sensors  are  developed,  the  listings  of  observable  phenomena  will  undoubt- 
edly grow*.  I be*  word  “mapped"  is  used  here  to  mean  that  certain  natural  and  cultural 
resources  phenomena  are*  observed  from  space  and  recorded  on  photographs,  image's, 
tapes,  or  other  data  storage  media.  After  these  raw  data  are  recovered  and  analyzed,  the 
pertinent  information  is  plotted  on  appropriate  bases  which  become  thematic  maps. 
These  thematic  maps,  together  with  written  reports,  constitute  one  of  the  principal  end- 
products  expected  of  the*  Natural  Resources  Program. 

UNIQUE  ADVANTAGES  OF  SPACE  FOR  NATURAL  RESOURCE  STUDIES 

There  are  many  advantages  to  obtaining  imagery  of  the  entire  Earth  or  major  parts  of 
it  by  means  of  sparchornc  gc'oscience  sensing  systems.  These  systems  encompass  a nuni- 
be  r of  instruments  and  technique's  applicable  to  many  disciplines,  both  cultural  and  nat- 
ural, and  of  use  to  scientific  and  applications  users.  These  systems  have  the  unique  utility 
of  complementing  one*  another  in  their  results,  hence  their  broad  applications. 

For  sizable  areas  within  the  Held  of  view  of  the*  sensor,  spacecraft  coverage*  is  truly  syn- 
optic be  cause  the*  high  altitude  and  speed  of  the  spacecraft  permit  tfie  scientist  to  obtain 
information  of  large  areas  at  a single  instant  of  time.  This  is  of  great  advantage  to  research 
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work  in  the  Earth  sciences  and  in  natural  resources,  which  have  been  hampered  by  the 
time  and  space  scales  that  arise  in  the  measurement  of  the  variable  under  investigation. 
Further,  there  is  information  in  the  whole  pattern  of  an  integrated  structure  which  can 
neither  be  derived  from  elements  of  the  whole  nor  considered  simply  as  the  sum  of  the 
elements. 

An  important  advantage  of  satellite  photography  is  the  aspect  of  real-time  data  acqui- 
sition. With  this  characteristic  remote  areas  of  special  significance  could  he  canvassed  on 
short  notice,  thus  providing  information  on  impending  disasters  such  as  tsunamis,  and 
forest  fires,  and  studying  disaster  areas  which  result  from  storms,  earthquakes,  etc.  Many 
oi  these  problems  such  as  earthquakes,  volcanoes,  air-sea  interactions,  fish  migrations, 
crop  growth,  and  disease,  etc.,  are  global  in  nature  and  are  consequently  best  studied  by 
globe  encircling  data  gathering  systems. 

[549]  For  complete  aerial  photographic  coverage  over  large  areas  many  technical  prol>- 
lenis  pertaining  to  data  reduction  exist,  for  example,  the  assembling  of  broad-stall 
mosaics.  Here  the  photos  must  be  matched,  and  corrections  in  density,  scale,  or  color 
reproduction  be  made,  and  finally  the  joining  lines  must  be  reduced  as  much  as  possible. 
Using  space  photography  would  reduce  these  tasks  to  a minimum  since  one  space  photo- 
graph, depending  on  scale,  will  cover  many  times  the  area  as  most  aerial  photographs. 

The  long  duration  of  spaceflights  and  all-weather  operations  are  highly  advantageous 
aspects  of  remote  sensing  from  space.  There  are  many  regions  of  the  Earth  that  are  cov- 
ered with  clouds  for  long  periods  of  time.  The  cloud  cover  not  only  absorbs  and  reflects 
a large  part  of  the  radiation  from  (he  Sun  to  the  Earth,  hut  also  absorbs  radiation  from 
the  Earth  out  into  space.  In  a manned  orbiting  satellite  the  problem  can  be  partially  over- 
tome since  the  scientist  on  board  the  craft  will  be  able  to  see  when  an  area  is  clear  enough 
to  make  observations  and  to  also  employ  those  sensors  which  can  penetrate  ceitain  types 
of  overcast.  A less  obvious  but  highly  significant  advantage  results  f rom  the  clearer  images 
possible  when  the  observation  is  made  from  far  above  the  turbulent  refracting  and  dif- 
fusing layer  which  often  seriously  degrades  aerial  observations. 

With  orbital  sensing,  it  appears  that  the  costs  will  be  considerably  less  than  even  a sin- 
gle synoptic  global  coverage  with  aircraft.  This  is  true  because  of  the  great  amount  of  data 
that  can  be  rapidly  acquired,  of  the  more  complete  coverage,  and  of  the  superior  quality 
of  some  of  the  data  which  greatly  reduces  the  effort  needed  for  processing  and  analyzing. 

Low-altitude  photography  applied  to  natural  resource  surveys  and  exploration  has 
proven  to  be  of  great  value.  However,  up-to-date  and  comprehensive  data  require  frequent 
overflights  and  near  blanket  coverage;  thus  extensive  aircraft  acquisition  is  prohibitively 
costly.  Since  the  resolving  power  of  remote-imaging  instruments  from  satellite  altitudes 
will  be  sufficient  to  permit  identification  of  many  different  parameters  of  Earth  resources, 
a potential  means  of  economically  acquiring  such  data  on  a world  basis  is  offered. 

A f urther  advantage  of  orbital  sensing  is  that  global  coverage  can  be  obtained  by  uni- 
form types  of  equipment  and  methods  of  calibration  and  measurements.  This  will  insure 
that  data  will  be  collected  under  controlled  conditions  and  will  not  be  subjected  to  these 
uncertainties.  Obvious  technical  and  operational  advantages  result  from  the  precise  reg- 
ularity of  spacecraft  motion,  from  the  lack  of  vibration,  and  from  the  high  rate  of  speed. 

The  Earth-orbital  missions  are  also  ol  great  value  for  the  experience  gained  and  the 
testing  of  sensors  and  techniques  prior  to  the  conducting  of  lunar  and  planetary  orbital 
missions. 

World-wide  resource  management  through  the  use  of  operational  spacecraf  t will  pro- 
vide a combination  of  scientific,  sociological,  political,  and  economic  benefits,  lhiough 
resource  management,  man  is  able  to  monitor  the  total  resource  availability,  make  effi- 
cient use  of  existing  resources,  protect  existing  resources  against  damage  or  loss,  and 
uncover  new  resources.  To  be  effective,  action  must  be  taken  well  in  advance  of  the  deple- 
tion of  available  resources.  Thus  accurate  data  on  current  inventory  and  rate  of  depletion 
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furnishes  the  basic  information  required  to  anticipate  forthcoming  pressures  on 
resources  and  to  indicate  appropriate  steps  to  be  taken. 

4.  ACC  X)  M I * U S 1 1 M K NTS  TO  DA  IK 

With  the  assistance  of  disciplinary  groups  in  several  Federal  agencies  and  institutions, 
program  definition  activities  have  been  initiated  in  the  four  disciplinary  areas.  Many  of 
the  phenomena  which  each  natural  resource  discipline  wishes  to  observe  and  record  from 
space  have  been  identified  (Figure  1).  The  instruments  and  their  frequencies  needed  to 
gather  these  data  have  also  been  [550 1 identified  as  closely  as  possible  (Figure  1). 

The  coordinated  requirements  of  the  several  natural  resource  disciplines  for  photog- 
raphy and  radar  on  initial  flights  have  been  compiled  in  document  form.  A document  of 
infrared  instrument  requirements  is  being  prepared.  Albums  of  imagery  acquired  by  this 
aircraft  program  together  with  spacecraft-acquired  imagery  (from  Gemini,  Nimbus,  etc.) 
of  value  to  natural  resource*  scientists  are  being  compiled.  An  atlas  which  analyzes  the 
potential  of  this  data  for  natural  resource  scientists  is  in  preparation. 

One  of  tin*  princ  ipal  tasks  of  this  Program  is  the  determination  of  the  best  combina- 
tion of  instruments  and  the  best  resolutions  for  observing  natural  resource*  phenomena. 
These  are  currently  being  identified.  However,  until  several  generations  of  instruments 
have  been  flown  in  space*  and  the  data  analyzed,  it  will  be*  impossible  to  be  completely  pre- 
cise on  such  instrument  specifications. 

The  various  remote  sensing  instruments  recommended  by  the  disciplinary  groups  are 
being  flown  over  care  fully  selected  test  sites  with  aircraft.  Flic*  data  obtained  from  such  te  st 
site  overflights  ate*  then  studied  to  determine  the  best  combination  of  instruments  for 
spac  e-flight  and  the  best  analytical  processes  for  acquiring  the  maximum  amount  of  infor- 
mation f rom  the  data.  Accomplishments  in  these  areas  are  described  in  detail  below. 

4. 1 AIR(  ;raft  DATA  GATHERING  SYSTEM 


The  Natural  Resource's  Program  together  with  the  MSG  (Manned  Space  Cenlcr| 
Engineering  and  Development  Directorate  is  presently  engaged  in  gathering  data  over 
te*si  site's  with  a number  of  airborne  electronic  and  electro-optical  remote  sensors  for  a 
number  of  user  agencies  and  cooperating  scientists. 

This  program  has  be*en  se  t up  to  obtain  precursor  data  for  the  calibration  of  insti  ll- 
ments over  known  features  and  for  the  development  of  the  best  observational  and  inter- 
pretive techniques  in  the*  period  1905—1968  preceding  the  earliest  (1968)  natural 
resource  spaceflight  missions.  Further,  the  costs  of  developing  such  a data  gathering  sys- 
tem initially  with  airborne  instruments  is  substantially  less  than  proceeding  directly  to  a 
spacebot  ne  system.  The  experience  gained  in  this  aircraft  phase  (1965-1968)  is  already 
providing  a solid  basis  for  planning  of  the  spaceflight  testing  phase. 

It  is  expected  that  aircraft-acquired  data  will  also  be  obtained  over  a number  of  key 
test  sites  simultaneously  with  the  initial  spaceflight  data  in  order  that  the  spaceflight 
instruments  may  he  calibrated  and  in  order  that  the  aircraft  and  spac  ecraft  data  may  com- 
plement each  other  to  the  maximum  extent. 

4.2  STATUS  OF  THE  AIRCRAFT  PROGRAM 

It  can  be*  seen  from  Figure  1 that  each  sensor  has  multiple  uses,  and  in  most  cases  a 
combination  of  sensors  is  desirable  to  provide  complete  data  on  any  particular  observed 
feature. 

To  c arry  out  the  remote  sensing  program  in  a satisfac  tory  manner,  it  is  necessary  to 
conduc  t aircraft  testing  from  several  altitudes  (low,  intermediate,  and  high)  over  a period 
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of  several  years.  The  low-altitude  phase,  altitudes  up  to  20,000  feet,  is  presently  being  con- 
ducted using  the  NASA-MSC  Convair  240A  (NASA  926)  over  sites  in  the  Continental 
l-nited  States.  It  is  planned  to  conduct  the  second  phase  at  altitudes  up  to  40,000  feet  over 
the  same  test  sites  and  over  several  overseas  sites.  The  third  phase  should  he  conducted  at 
high  altitudes,  possibly  tip  to  80,000  feet  over  the  same  test  sites.  Tltimately,  it  may  be 
highly  desirable  during  the  early  Earth-orbital  missions  to  have  the  ground  truth  teams  on 
the  site,  and  the  aircraft  overhead  at  the  time  the  orbiting  spacecraft  overflys  the  area. 

1551 1 Convair  240A 

Implementation  of  this  airplane  was  initiated  in  October  1964,  and  initial  survey  oper- 
ations over  geologic  test  sites  got  underway  in  early  December  1904.  First  flights  were 
made  using  only  the  camera  systems;  other  instruments  were*  installed  as  they  became 
available.  The  airplane  is  now  scheduled  to  its  full  capability  of  sensors  and  no  additional 
ones  are  being  planned  at  this  time  for  this  aircraft.  Following  is  a list  of  those  sensors 
installed  on  board: 

1.  Microwave  radiometer, 

2.  Metric  camera  system, 

3.  Multiband  camera  system, 

4.  Ultraviolet  imager, 

5.  Recoil  IV  imaging  IR, 

6.  Rcdop  scatterometer, 

7.  Doppler  chirping  radar. 


Lockheed  P-3  A (F.lectra) 

This  airplane  was  acquired  in  December  1 965  and  is  ideally  suited  as  a remote  sensor 
test  aircraft  for  altitudes  up  to  40,000  feet  and  contains  much  of”  the  basic  instrumentation 
necessary  to  meet  the  objectives  of  the  Natural  Resources  Program.  The  navigation  system 
contains  the  following  items: 

1.  APN  153  doppler  navigator, 

2.  ASA  47  air-mass  computer, 

3.  LN  12  attitude  reference*  system, 

4.  Inertial  platform, 

5.  ASQ,  80  weather  and  ground  point  radar, 

0.  APN  70  LORAN  overwater  navigation  system. 

This  equipment  will  provide  tlu*  flight  parameters  such  as  roll,  pitch,  yaw,  ground 
speed,  heading,  altitude,  position,  etc.,  for  sensor  operation,  data  correlation,  and  navi- 
gation of  the  aircraft.  The  airc  raft  has  both  a large  c abin  area  and  a bomb-bay  area  with  a 
number  of  radomes  and  instrument  mounting  provisions  in  which  to  install  sensor  sys- 
tems and  other  experiments.  With  the  installation  of  an  auxiliary  power  unit,  operation 
without  the  use  of  ground-based  starting  equipment  and  other  ground  support  equip- 
ment will  be*  possible.  The  P-3A  is  now  being  implemented  to  receive  a compliment  [sic  | 
of  sensors  basically  as  describe  d in  Figure  2 and  is  planned  to  be  in  operation  bv  July  or 
August  of  1966. 

Douglas  A-3B 

This  airplane  contains  a Wesiinglmuse  AN/APQ  97  (XF-1 ) side-looking  radar  system. 
It  has  completed  seventy-two  hours  of  flight  time  acquiring  radar  imagery  over  a number 
of  test  sites  and  other  areas  of  interest.  An  additional  sixty  hours  of  flight  time1  has  beam 
requested  (twenty  hours  in  FY  1966;  forty  hours  in  FY  1967). 
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I r>;>—  I 1 OBJECTIVES  OF  THE  I KS  I SI  I K PROGRAM 

I Ik-  prime  objectives  of  (lie  Natural  Resources  Test  Site  Program  are  calibration  of  the 
iemoie  sensors  and  the  development  of  a c apability  lor  supporting  the  use  of  remote*  sen- 
tsin  pctloumng  natural  resources  investigations.  To  meet  this  objective,  scientists  are 
cum  n y gat  leiing  data  with  electronic  and  electro  optical  remote  sensors  in  and  over 
a.eus  ol  specific  interest.  Examples  of 1 aircraft  and  Gemini-acquircd  data  are  shown  in 
tgiiics.  / I igmes  >-/ omitted | I he  data  thus  acquired  will  then  be  used  to- 
};  ,,,n  k"“"ledgc-  of  the  effects  of  terrain  parameters  on  sensor  data 

r a n,<'a"S  <ald,,a‘mSr  data  return  from  sensors  in  aircraft  and  spac  ecraft 

efrne  sensor  operational  parameters  and  spacecraft  integration  requirements  ‘ 
_ <lt>la  handling  and  interpretation  techniques 

:>.  I)ehne  sensor  systems  to  meet  the  scientific  objectives  of  Earth-orbital  missions 
b.  I iov.de  a group  of  scientists  skilled  in  application  of  remotely  sensed  data  to  nat- 
mill  resources  investigations. 

1 I I MTs  OF  TEST  AREAS 

Experience  in  studies  to  date  have  indicated  that  two  types  of  test  areas  or  sites  are 
ne  ecssaty.  I he-  first  type  is  designated  as  an  “Instrument  Calibration  Test  Site.”  and  for 

“N  nurilT ' " ,n,,,KT  aS  a ‘Tesl  Siu--”  Tltc  second  type  is  designated  as  a 

Na  . tal  Resciurc  c-s  Apphcat.ons  Area,”  and  for  abbreviation  purposes  is  referred  to  as  an 

2 % :‘‘a:  2 *W  a lis«  <>‘  currently  proposed 

n.  I i'  ,1*  UaS  and  l<  sl  S,lt's  an<1  t,u'  names  of  the  scientists  responsible  for  data 
analysis  at  these*  site's.  (Figures  <S-12  omitted] 

A Fes,  Site  is  an  area  where  studies  are  conducted  in  Ihe  c alibration  of  the  instru- 

!sk  Sc  II <;S<’  ,SIU,  U'i  W “'"I  ,MS"  ",,K‘m  ,esIx,nst‘  lo  'velklc-lined  prc-sc-lec led  conditions. 
Iasks  will  include  the  development  ol  interpretation  and  correlation  techniques  and 
me  stiganons  ol  the  response-  ol  the  remote  sensors  in  terms  of  biological,  c hemical  and 
physical  conditions  m the  area.  Applications  Areas  are  areas  where  extensive  invest iga- 
ons  ait  conducted  using  fully-developed  instruments  to  gather  and  interpret  data  in 
i<  ...is  ol  the  aiea  s known  conditions  and  features,  e.g.,  agricultural,  geographic,  geolog- 

of  me!  n !d  ’ n l"  , <M .al,hi‘ , 1,usc  Applications  Areas  tentatively  include  a rlumbcT 
lb..  , nat.ona  sites  which  have  been  chosen  principally  to  provide  data  on  problems  in 

...  = ! ' S<  K'"<<,'S'  ,,,a.‘  a,t'  «lohal  or  continental  in  scope  and  to  promote  inter- 

national  ( oopr radon  in  Inu*  with  NASA’s  policy. 

lesi  Sites  should  have  tin*  following  characteristics: 

1-  They  must  satisfy  the  requirements  of  the  specific  instrument  to  be  tested  at  what- 
evei  development  stage  it  exists. 

2.  I here  should  be  available  an  extensive  amount  of  ground  data  so  they  do  not 
lequnc  extensive  basic  study. 

I hey  should  be  as  uniform  as  possible,  commensurate  with  the  purpose  for  which 
selected,  so  as  to  permit  identification  of  the  remote  sensor  response  with  a 
single  (or  minimum  number  ol)  features. 

Applications  Areas  should  Ik*: 

I.  Areas  in  which  studies  by  the  participating  agency  (or  one  of  its  cooperating  agen- 
......  „ V<  S OI  ,;,ru,r,s)  a,‘‘  ,akm«  l)l;u<'  «>'•  have  taken  place  in  the  recent  pasl 

* ’ ’ I ~ ol  br:,ad  nau,,al  '.-sources  or  scientific  interest,  will,  scientific  resources 

p.oblems  whose  solution  will  contribute  to  the  progress  in  the  Natural  Resources 
Program. 

T Areas  with  well-documented  features  and  for  which  there  is  an  active  scientist  pre- 
pated  to  analyze  sensor  data  and  report  on  results  in  a competent  manner. 
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Intel  national  Applic  ations  Areas  should. 

1 Contain  features  and  conditions  not  well-developed  or  available  in  the  l .S. 

2 Be  readily  accessible  to  .ill  accredited  scientists  of  other  countries  involved  ill  tin 
Program  and  should  not  be  located  in  countries  where  political  instability  could 

adversely  affect  the  Program.  ... 

3.  BC  areas  in  which  studies  can  he  adequately  supported  and  which  piesenl 
logistic  problems. 

4..r>  SELECTION  OF  SITES 

Prospective  Test  Sites  are  proposed  by  the  instrument  and/or  disciplinary  scientists 
with  approval  being  vested  in  an  ad  hoc  Test  Site  and  Aircraft  .onnnutee.  lm 
Committee  is  chaired  bv  the  Chief,  Natural  Resources  Program,  or  Ins  deputy,  and  is  com- 
posed of  the  program  managers  of  the  several  natural  and  cultural  resources  discipline 
!md  the  chairmen  of  the  “teams.”  Actual  investigations  are  carried  out  by  scientists  afh 
ated  with  tlu-  instrument  teams,  in  the  participating  Federal  agencies,  and  at  universities 
under  NASA  contract. 

4.6  CURRENT  STATUS  OF  TEST  SITE  ACTIV1 1 IKS 

Studies  of  Test  Sites  started  in  1964  with  infrared  studies  a,  the  Pisgah  Crater  Area 
California,  for  geology  and  at  the  Purdue  Farm  for  agriculture.  The  nttmhei  ol studies 
increased  in  1965  with  additional  studies  in  Western  Kansas:  Mono  (.raters,  California 
Davis,  California;  Weslaco,  Texas;  and  Willcox  Playa.  Arizona.  Concomitantly,  the  work  at 

the  original  was  broadened  to  include  other  sensors. 

Work  at  the  Test  Sites  is  being  carried  out  principally  by  scientists  ol  the  instrument 
teams  working  under  NASA  contracts  or  grants.  Current  status  of  “rest  Site  studies  is 
trivrn  in  Fi  if  lire  13.  [Figure  13  omitted] 

Many  of  these  measurements  and  problems  require  the  development  of  new  study 
concepts.  For  example,  statistical  sampling  programs  are  being  developed  bygeologistsat 
Northwestern  University.  Geoscicntists  from  the  University  of  Nevada  are  working  with  the 
instruments  and  user  scientists  to  determine  the  influence  ol  the  not  usually  measmed 
parameters  on  remote  sensor  data,  as  well  as  providing  very  detailed  geological,  minti- 
alogical,  and  mici  omelcorological  data.  Similar  studies  are  being  carried  out  m the  othc.i 

<l,S<  Airl^rne'anncite  sensor  data  are  now  being  acquired  over  a number  of  Applications 
Areas  and  are  being  studied  and  evaluated  by  participating  user  agency  scientists.  A numlx-i 
of  preliminary  reports  have  been  written  describing  the  uses  of  the  da, a.  Although  tins  pro- 
gram  is  in  its  infancy,  it  appears  that  the  objec  tives  of  the  Applications  Areas  are  being  met. 

4.7  DATA  PROCESSING  AN1)  DISTRIBUTING  UNIT 

The  Data  Processing  and  Distributing  Unit  (Data  Unit)  has  been  established  to  han- 
dle the  data  recorded  by  several  kinds  of  remote  sensors,  both  electromagnetic  and  toicc- 
fleld,  onboard  NASA-conducted  aircraft  and  other  cooperating  flights  ovet  selet ed 
geoscience  test  sites.  Additional  calibration  and  ground-reference  data  is  also  collec  ted  a 
some  specific  ground-site  installations  using  contact  or  short-range  sensors  or  correlation 
antl  < on  obonuion  of  the  airborne  remote-sensor  data.  The  purpose  o such  collections  is 
to  aid  in  evaluating  the  usefulness  of  apparatus  and  data  analysis  techniques  lor  re, no. 
sensing  of  [5541  natural  and  cultural  resources  by  means  of  space!, orne  instrumentation. 
This  involves  a number  of  different  data  formats  (film,  paper,  tapes,  charts,  etc.)  provid- 
ing records  which  present  the  data  in  a variety  of  forms,  i.e..  digital,  analog,  alpha- 

numeric \ etc. 
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riu-  Data  Unit  will  perform  the  following  functions  in  support  of  ilu-  NASA  Natural 
Resourc  es  Program: 

I Proc  ess,  re  produce,  c atalog,  classify,  index,  disseminate,  store,  and  retrieve  geo- 
science data  (original,  reduced  and/or  analyzed,  inc  luding  preliminary,  interme- 
diate, and  final  reports)  received  from  NASA-supported,  or  cooperating  remote 
sensing  of  natural  resources  investigators. 

2.  Provide  supplemental  support  by  maintaining  an  adequate  supply  of  charts  and 
maps  relating  to  test  sites  and  by  conducting  file  searches  and  related  services. 
Such  charts  and  maps  will  be  supplied  from  standard  sources. 

:U  ( Compile  and  furnish  periodic  accession  lists  of  data  to  cooperating  investigators. 
Accession  lists  will  indicate  type  and  size  of  format,  originator,  sensor  type,  geo- 
graphic area,  altitude,  time  and  date  of  acquisition  by  originator.  This  informa- 
tion mav  be  in  the  form  of  computer  print-outs. 

4.  Design  and  supply  chec  k lists  to  investigators  for  submission  of  data  to  the  Data 
Unit.  These  check  lists  will  contain  minimum  terms,  desc  riptions  and  informa- 
tion required  to  provide  a basis  for  data  cataloging  and  entry  into  a computer  or 
oilier  retrieval  systems. 

5.  Design  a format  for  queries  to  the  Data  Unit  and  make  copies  available  to  lines- 

tigators  for  their  use.  . .. 

Process,  reproduce,  associate  with  related  sensor  data,  c atalog,  classify,  index,  dis- 
seminate, store  and  retrieve  all  ground  control  data  from  test  site  supplied  by 
investigators  who  support  the  NASA  Natural  Resources  Program. 

ECONOMIC  BENEFITS  TO  BE  DERIVED 


II  is  difficult  to  establish  the  economical  importance  or  yield  of  a system  whic  h is  vir- 
tually untried  and  untested.  Economic  benefits,  however,  cannot  be  derived  from  a nat- 
ural 'resource  until  that  resource  is  located  and  until  sufficient  knowledge  and 
understanding  of  that  resource  and  its  environment  are  obtained  to  permit  efficient 

exploitation.  , , , 

\s  examples  of  areas  of  potential  economic  benefit,  the  National  Academy  ot 

Sciences,  National  Research  Council  (NASCO  Publication  1228)  cited  the  following: 

Shionintr — The  shipping  industry  currently  transports  about  $40  billion  per  year  ill 
c argo  It  is  expected  to  rise  about  48  per  cent  by  1970.  By  1975  the  shipping  bill  for  trans- 
porting this  cargo  will  be  about  $5  billion  with  the  added  costs  of  $500  million  per  year 
for  new  construction.  Even  a small  improvement  in  ship  routing  techniques  resulting 
from  inc  reased  knowledge  derived  from  spacecraft  concerning  high  waves,  shoaling  of 
channels,  existence  of  uncharted  shoals,  icebergs,  and  pack  ice  distribution,  etc.,  will  con- 
tribute a signific  ant  dollar  savings  when  compared  to  the  expected  overall  cost. 

Fisheries U.S.  fisheries  production  has  increased  less  than  10  per  cent  in  the  past 

decade  vet  the  importing  of  fisheries  products  into  the  United  States  has  resulted  m an 
adve  rse  balance  of  payments  of  approximately  $500,000,000  in  1965.  In  fact,  improved 
domestic  de  velopment  of  fisheries  in  our  near  shore  area  could  result  in  doubling  domestic 
production  in  the  next  len  to  fifteen  years  and  bring  about  a marked  reduction  in  the 
adverse  gold  flow  problem.  Although  dependent  on  many  factors,  any  aid  provided  by  space- 
craft oceanography  to  locating,  de  lineating,  predicting  the  productivity  of  fishing  grounds 
globally  could  produce  large  dollar  payoffs  to  the  entire  industry  and  hence  the  nation. 
1555 1 Another  example  of  interest  relates  to  the  field  of  water  resources: 

A single,  medium-sized,  Canadian  hydroelectric  plant  saves  $1  million  lor  each  1 per 
cent  inc  rease  in  accuracy  in  predicting  April  to  August  flow.  This  amount  of  power  would 
otherwise  fie  lost  because  of  the  need  to  waste  water  to  provide  room  for  unanticipated 
Hood  conditions. 
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Base  and  Ihcmalir  mapping  by  conventional  aerial  surveys  is  an  extremely  costly  oper  - 
ation. It  has  been  estimated  that  over  $1  billion  is  spent  annually  to  obtain  the  aircraft- 
acquired  data  from  which  such  maps  are  made,  and  yet  only  a very  small  percentage  of 
the  Barth's  resources  are  so  covered  in  any  one  year.  The  Earth's  surface  consists  of 
504  m,lllon  S(l"a,t‘  kilometers,  of  which  I4(i  million  is  land  area.  The  following  tabulation 
gives  an  idea  of  the  costs  involved  to  cover  the  land  and  adjacent  shallow  sea  areas 
(150  million  square  kilometers)  once  by  aircraft. 

KSTI MATED  (X)S  I OF  AERIAL  SURVEY’S 


Types  of  Surveys 


Cost/km^ 


A.  Small  Scale  Mapping  and  $0.00 

Supplementary  Photography 
and  Infrared 


( lost  to  Cover  Land 
and  Adjacent  Areas 


$900,000,000 


B.  Magnetic-C  Gravity  5.00 

C.  Side-Locking  Radar  LOO 


If  the  lemaining  ocean  areas  were  covered  only  in  a synoptic  manner  using  magnet- 
ic-gravity, infrared,  microwave,  and  selective  photography  at  an  estimated  cost  of  $10  per 
square  kilometer,  this  would  add  $3.5  billion  to  the  land  coverage  figures.  Tims,  a one- 
time aerial  survey  of  the  Earth  and  its  force  fields  would  cost  about  7.5  billion.  However, 
many  of  the  phenomena  affecting  resources  are  time  variant  and  repeated  coverage  is 
needed.  Even  if  repetitive  annual  coverage  were  limited  to  about  20  per  cent  of  the  world 
(100  million  square  kilometers)  and  if  only  synoptic  sensing  totaling  $10  per  kilometer 
were  performed,  the  program  maintenance  cost  would  he  $1  billion  annually.  These  fig- 
mes  covet  only  the  cost  of  data  acquisition.  Data  reduction  and  dissemination  would 
involve  costs  far  exceeding  those  of  the  acquisition  phase. 

I he  cost  of  mounting  an  operational  resource-sensing  space  program  cannot  be  accu- 
taic  ly  detei  mined  at  this  time.  Parameters,  such  as  the  payload,  power,  mode  (manned  or 
unmanned)  have  not  been  fully  defined.  However,  if  one  assumes  that  these  parameters 
will  be  compatible  with  one  or  more  of  the  space  vehicles  being  developed,  then  the  costs 
attributed  to  the  Natural  Resources  Program  for  space-acquired  data  would  be  reasonable. 

Comparing  the  costs  of  a space  program  to  one  of  conventional  aerial  surveys  does 
not  provide  the  total  answer.  Many  aircraft  surveys  will  still  be1  required  and  some  types  of 
antic  ipated  surveys  might  not  prove  practical  by  either  aircraft  or  spacecraft.  However, 
indications  are  that,  where  coverage  of  a global  repetitive  nature  is  required  and  obtain- 
able by  both  modes,  a space  system  lias  unquestionable  economic  advantages.  It  appears 
that  the  cost  will  be  on  the  order  of  a magnitude  less  for  the  space  mode.  The  potential 
economic  advantages  of  utilizing  space  for  resource  analysis  is  not  limited  to  the  acquisi- 
tion phase,  but  il  is  also  important  in  the  data  reduction  phases.  Since  space-acquired  data 
will  be  of  a uniform  and  systematic  nature,  its  conversion  into  maps  and  statistic  s will  be 
enormously  simplified  when  compared  to  conventional  methods. 

I he  question  of  whether  the  Program  is  worth  the  cost  of  a spaceborne  data  gathering 
svstem  must  be  considered  on  the  basis  of  future1  demands  for  natural  resources.  Current 
indications  strongly  support  the  need  for  new  revolutionary  means,  such  as  orbiting  space- 
craft, to  meet  rapidly  increasing  demands  for  natural  resource's.  The  data  of  scientific  value* 
from  such  a program  will  also  he  enormous,  but  unfortunately  cannot  have  a price  tag  put 
on  it  at  this  time.  The  full  extent  of  the  economic  benefits  to  accrue  from  this  program  can 


750.000. 000 

150.000. 000 
$1,800,000,000 
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hr  properly  evaluated  only  by  the*  scientists  and  economists  associated  with  tin1  various  nat- 
ural and  cultural  resources.  This  evaluation  has  been  initiated  as  an  (556]  integral  part  of 
this  Program,  and  ihere  are  indications  that  the  potential  benefits  will  greatly  exceed  the 
cost  of  the  Program.  However  realistic  experiments  and  additional  research  must  be  con- 
ducted before  any  specific  dollar  values  can  be  placed  on  these  benefits. 

<i.  FUTURE  PROGRAM 

Ideally,  the  Program  should  proceed  through  the  following  phases: 

Fe  asibility — This  phase  (in  progress)  is  basically  one  of  experimentation  from  aircraft 
to  determine  signatures  of  natural  resource  phenomena  in  terms  of  assumed  spacecraft 
sensor  resolution.  During  this  phase,  carefully  selected  and  controlled  test  site's  are  being 
utilized.  Using  available  aircraft  instrumentation,  the  correlation  and  relative  value  of 
eac  h sensor  to  the  phenomena  in  question  are  being  studied.  Suborbital  and  orbital 
flights  also  will  be*  utilized  to  obtain  some  limited  sensor  responses.  These  arc*  being  ana- 
lyzed and  used  as  a basis  for  relating  aircraft  to  spacecraft  obtained  signatures.  As  instru- 
mental value  is  established,  design  and  procurement  of  space  hardware  are  being 
initiated.  Facilities  for  data  handling  and  reduction  must  also  be  established  during  this 
stage*.  This  includes  provisions  for  space-acquired  data  as  well  as  aircraft-acquired  data. 
Aire  raf  t testing  of  sensors  is  expected  to  be  a continuing  activity,  and  will  continue  beyond 
this  phase  to  provide  data  from  both  aircraft  and  spacecraft  simultaneously  during  the1 
spacecraft  testing  phase*. 

Spacecraft  Testing — During  the-  1968-1972  period  the  first  flights  with  the-  primary 
purpose  of  sensing  the*  Faith's  resources  are  expected.  These  are  expected  to  inc  lude 
flights  of  the  Apollo  Applic  ations  Program,  where  manned  spacecraft  will  c arry  a sizable 
number  of  sensors  which  can  be*  directed  at  various  parts  of  the  Fai  th  simultaneously.  On 
these-  initial  spaceflights,  coverage  will  be  concentrated  over  areas  such  as  the-  United 
States  where  ground  controls  may  be  used  to  verify  the  conclusions  derived  during  the*  fea- 
sibility stage.  Arctic,  tropical,  and  other  representative  test  site's  will  also  be-  included.  As  a 
re  sult  of  these  flights,  ii  is  expected  that  sufficient  information  will  he*  available  to  deter- 
mine die1  optimum: 

1.  Mode — unmanned,  manned  or  man-serviced; 

2.  Or  bital  configuration  and  flight  duration; 

8.  Kxtcnl  and  variety  of  sensors; 

1.  Mode  of  data  recording  and  return  to  Earth; 

5.  Me  thods  of  data  reduc  tion  and  dissemination. 

During  this  stage,  the-  basic  economics  of  resource  sensing  from  space  must  be*  deter- 
mined. This  will  involve  weighing  the  benefits  as  opposed  to  the  costs  of  the  program 
enter  ing  into  an  operational  stage.  Although  not  an  operational  phase*,  it  is  expected  that 
considerable  data  of  economic  importance  will  be  obtained  in  addition  to  a large  amount 
of  scientific  information. 

Operational — The  existence  and  extent  of  this  stage  will  depend  on  the-  economic 
analysis  made  during  the  previous  stage.  Indications  are  that  it  will  be*  multidiscipline  in 
nature*,  global  in  e xte  rn,  and  more  or  less  continuous  since  many  of  the  important  phe- 
nomena associated  with  resources  are  time  variant.  Operational  flights  may  well  begin 
while  the*  orbital  testing  stage  is  still  in  progress — perhaps  during  1971  or  1972.  By  1972  it 
is  expected  that  testing  and  operational  spaceflights  will  be*  combined. 
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Document  11-14 

Document  title:  “Prepared  by  Jaffe  and  Badgley  at  Seamans’  Request:  NASA  Natural 
Resources  Program,”  May  13,  1966. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

A continual  problem  in  the  NASA  Earth  Resources  Program  involved  conflicts  between  the  developers 
and  the  users  of  technology  regarding  spacecraft  design . NASA  wanted  to  dexudop  large,  complicated 
satellites,  which  required  considerable  time  between  inception  and  flight.  The  various  user 
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rot/un  uni  firs , on  (fit'  other  hand , were  willing  to  settle  for  less  advanced  hardware  so  as  to  fly  earlier. 
This  report , requested  by  NASA  Deputy  Administrator  Robert  C.  Seamans,  jr.,  and  prepared  by 
Director  for  Space  Applications  Leonard  jaffe  and  Natural  Resources  Program  Chief  Refer  liadghy, 
demonstrates  NASA's  bias  toward  large  experimental  satellites  and  includes  a ratlin'  lengthy  instru- 
ment “ wish  list . ” 


m 

Prepared  by  Jaffe  and  Badgley  at  Seamans’  Request 
NASA  Natural  Resources  Program 

[rubber ‘stamped:  "May  13  1905”! 


Objective 

To  conduct  an  experimental  program  to  determine  and  develop  the  feasibility  of  the 
use  of  satellite  borne  instrumentation  to  make  measurements  of  and  assist  in  surveying 
the  earth's  natural  and  cultural  resources  (i.e.  atmospherics,  agriculture,  forestry,  hydrol- 
ogy, geology,  geography,  oceanography,  and  so  forth). 

Scope 

1.  Studies  by  user  agencies  of  the  applicability  of  spaceborne  instrumentation  to 
their  needs. 

2.  Accumulation  of  data  f rom  an  instrumented  aircraft  flight  test  program  over  cal- 
ibrated lest  silt's. 

3.  Orbital  flight  testing  of  instrumentation  and  development  of  required  data  analy- 
sis techniques  to  determine  feasibility  and  practic  ability  of  this  space  application. 

Urgency 

User  agencies  have  expressed  an  urgent  need  for  improvements  in  their  observation- 
al and  surveying  capabilities  to  help  maintain  an  adequate*  supply  of  natural  resourc  e's.  If 
vigorously  pursued,  the*  technology  of  spaceborne  systems  could  be  provided  to  fill  many 
of  the  expressed  needs  by  1975. 

Requirements  of  the  Experimental  Program 

The*  specific  and  ultimate  requirements  of  the*  various  users  must  necessarily  be*  a 
result  of  the  experimental  program.  This  application  will  require  data  collection  and 
analysis  systems  of  the*  most  advanced  types  with  an  optimum  mix  of  high  resolution 
(small  area  detailed  data  samples  of  resolutions  below  20  meters)  and  moderate  resolu- 
tion (broad  areas,  resolutions  above  20  meters)  coverage.  Instruments  recording  data 
from  many  portions  of*  the  electromagnetic  spec  trum  arc*  being  considered  including 
optical  (visible),  infrared,  ultraviolet,  and  microwave  radar.  (Reference:  “Objectives, 
Instrumentation,  and  Flight  Time  Recommendation  of  User  Agencies  and  Cooperating 
Scientists  Involved  in  tlu*  NASA  Natural  Resources  Program”). 

The  current  NASA  experimental  program  began  in  1964  with  the  initiation  of  discus- 
sions with  and  studies  by  the*  user  agencies  to  assess  their  requirements  and  the  applicabil- 
ity of  space  derived  data  by  analysing  [sic]  available  results  from  existing  programs  (Tiros, 
Nimbus,  Mercury,  and  Gemini)  and  simulated  results  from  instrumented  aircraft  tests. 

[2]  The  instrumented  Aircraft  Flight  Test  Program  began  in  mid  1964  with  flights  of  an 
infrared  imaging  system  over  calibrated  agricultural  ground  test  sites  near  Purdue* 
University.  Since  then  we  have*  added  multispec  tral  cameras,  active  imaging  and  sc  at- 
terometer  radars,  passive  microwave  radiometers,  and  UV  line*  sc  anners  in  1965  and  plan 
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tu  add  moi  e advanced  multispectral  cameras,  metric  and  panoramic  ( amcras,  more 
advam  cd  inflated  scatuu'is,  infrared  spectrometers  and  passive  microwave  in  labors  in 
[he  studies  and  the*  aircraft  program  are  planned  to  be  carried  out  on  a continuing 
basis  to  provide  for  economical  testing  of  instrumentation  over  sites  of  known  c haracter- 
istics prior  to  orbital  testing. 

As  a Jesuit  of  these  activities  the  user  community  has  identified  and  spec  ified  candi- 
date instruments  for  orbital  test.  The  initial  and  most  urgent  of  these  are  a wide  range 
spectral  scanner  (0.3-13  mic  rons)  covering  the  near  UV,  visible  and  part  of  the  IR  spec- 
1*  uni  ( 190  meter  resolution)  and  a multispectral  synoptic  photographic  system  (of 
approximately  30  meters  resolution).  NASA  is  currently  planning  incorporation  of  these 
instruments  into  an  already  planned  flight  in  1969. 

A rather  completely  instrumented  natural  resources  satellite  is  being  considered  for 
flight  in  19/0  or  1971  involving  the  following  instruments: 

Metric  (aim eras 
Panoramic  Cameras 
Multispectral  Tracking  Telescope 
Multispectral  Synoptic  (laments 
Imaging  Radars  (8.0  gc) 

Radar  Altiineter/Scatleroiiicters  (0.1  and  0.8  gc) 

Wide  Range  Spectral  Scanner  (0.3—13  microns) 

Infrared  Long  Wavelength  Spectrometer  (18-10  microns) 

Infrared  Short  Wavelength  Spec  trometer  (0.4-2. 5 microns) 

Infrared  Radiometer  (10—12  microns) 

Passive  Mic  rowave  Imager  (9.0  gc) 

Passive  Multichannel  Microwave  Radiometers  (0.4-21  can) 

UV  Imaging  Spectrometer  (3900-4900  Angstroms  and  5800-0800  Angstroms) 

Laser  Altimeter/Scatterometer 
Absorption  Spectrometer  (UV,  visible,  IR) 

Chirp  Radar  System  (75-450  inc’s) 

Gravity  ( ^radiometer 

Magnetometer  System  (triaxial  fluxgate  and  rubidium  vapor) 

Idigbt  test  of  this  entire  group  of  instruments  simultaneously  is  highly  desirable 
because  the  cross  correlation  of  data  from  various  portions  of  the  electromagnetic  spec- 
trum acquired  under  similar  lighting  and  weather  conditions  will  yield  far  more  informa- 
tion than  data  acquired  at  separate  times  by  individual  instruments. 

If  successful  and  needed,  a repeat  of  this  satellite  is  being  considered  for  flight  in 
1971-72  to  continue  the  development  of  the  technology  and  the  ability  to  handle  and 
analyse  [sic)  accumulated  data. 

[3 1 ( )i  bital  Requirements 

During  the*  experimental  phase  of  this  program  (pro- 1975)  the*  natural  resource  users 
require  data  to  be  collec  ted  periodically  over  a number  of  natural  and  c ultural  resourc  es 
test  sites.  I hese  sites  must  be  readily  ac  cessible  and  available  for  study  by  well  trained  sci- 
entists. Many  of  the*  sites  essential  to  this  program  fall  within  the  United  States  both 
because  of  the  subject  matter  involved  (such  as  land  use  in  metropolitan  areas,  water  pol- 
lution in  (heal  Lakes,  water  resources  in  northeast  and  arid  west,  geothermal  power  sites 
in  Pacific  Northwest  etc.)  and  because  of  the  ready  availability  of  trained  personnel  for 
ground  control  studies.  Orbital  inclinations  of  at  least  480  are  therefore  extremely  impor- 
tant during  the  experime  ntal  phase's  of  this  program.  It  should  be*  emphasized  however, 
that  a number  of  important  users  (Canadian  government,  Arctic  Institute,  several 


240 


Oksi  rvin<;  thk  Earth  From  Sr.\(  ;i 


oceanographic  groups,  the  National  Science  Foundation  and  the  U.S.  (geological  Suivey) 
have  expressed  strong  recommendations  for  polar  orbits.  The  U.S.  Geological  Survey  and 
the  National  Science  Foundation  requirements  relate  to  their  work  in  Antarctica. 
Although  requirements  for  polar  orbits  are  not  mandatory  during  the  experimental  phasr 
es,  they  are  nevertheless  highly  desirable.  However,  data  acquired  during  such  flights  can 
be  controlled  so  that  it  is  collected  only  over  well  studied  end  well  specified  test  sites. 

Conclusions 

1 . The  discourse  with  the  user  scientists  is  well  underway. 

2.  fhe  development  of  an  operational  capability  requires  that  experience  with 
orbital  data  be  built  up  over  a long  period. 

H.  In  order  to  make  progress  in  this  field  it  is  necessary  that  we  have  the  widest  par- 
ticipation of  competent  scientists  and  this  can  only  be  accomplished  by  unclassified  access 
to  data  and  the  pertinent  characteristics  of  the  instrumentation  and  through  availability 
to  the  program  of  already  developed  technology  and  hardware  for  incorporation  in  the 
NASA  experimental  flight  program. 

4.  Many  of  the  data  collection  instruments  required  for  the  Natural  Resources 
Program  are  also  vital  to  the  broad  exploration  of  the  moon  and  planets  and  therefore 
should  be  made  available  to  NASA  in  any  case. 


Document  11-15 

Document  title:  Leonard  Jaffe,  Director,  Space  Applications  Programs,  OSSA,  to  Deputy 
Administrator,  thru  Homer  S.  Newell,  Associate  Administrator  for  Space  Science  and 
Applications,  “Meeting  at  the  U.S.  Geological  Survey  (USGS),  August  25,  1966,  regarding 
Remote  Sensing  and  South  America,”  August  31,  1966,  with  attached:  Robert  G.  Reeves, 
For  the  Record,  “Meeting  at  the  U.S.  Geological  Survey  (USGS),  10  a.m.,  August  25, 
1966,”  August  31,  1966. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

A\  different  government  and  nongovernmental  institutions  became  interested  in  the  potential  for  a 
satellite  Earth  resources  program , NASA  came  unde}-  pressure  to  deliver  user-oriented  working  satel- 
lites rather  than  large  experimental  spacecraft.  The  State  Department,  as  one  oj  these  interested  insti- 
tutions, along  with  its  Agency  for  International  Development,  viewed  resource  satellites  as  a way  to 
assist  third-world  nations.  Interested  in  providing  a resource  satellite  for  South  America,  the 
Departments  of  State,  Agriculture,  and  the  Interior  used  the  threat  oj  a non-NASA  satellite  progr  am 
based  on  a proposed  by  the  Radio  Corporation  of  A merica  (RCA)  to  prod  NASA  into  a more  respon- 
sive attitude. 


| no  pagination  | 
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AD/Deputy  Administrator 
THRU:  S/ Associate  Administrator  for 

Space  Science  and  Applications 
SA/ Director,  Space  Applications  Programs,  OSSA 
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Meeting  at  the  U.S.  Geological  Survey  (USGS),  August  25, 
1966,  regarding  Remote  Sensing  and  South  America 

The  enclosed  is  a fairly  complete  memorandum  on  the  subjec  t meeting,  but  following 
comments  are  in  order: 

(1)  USGS  is  apparently  the*  prime  mover  in  solic  iting  the  Agency  for  International 
Development  (AID)  to  promote  South  American  use  of  orbital  remote  sensing  techniques 
in  general  support  of  the  Rostow  Report  recommendations  approved  as  the  National 
Security  Action  Memorandum  349  (NSAM  349)  enclosed. 

(2)  USGS  would  like  to  budget  for  an  “operational”  satellite  as  soon  as  possible  to 
establish  jurisdiction. 

(3)  Plan  based  on  the  Radio  Corporation  of  America  (RCA)  proposal  to  develop 
Delta  class  satellite  with  IV  camera  of  5,000  line  resolution. 

(4)  USGS  and  Department  of  Agriculture  agree*  that  the  South  American  need  is 
urgent  and  that  the*  system  proposed  by  RCA  would  be  useful. 

(5)  The  RCA  proposed  camera  is  far  beyond  the  Nimbus/TIROS  state  of  tlu*  art. 

(b)  We  made  note  at  the*  meeting  that  there  is  some  agreement  between  Department 

of  State  and  the  National  Aeronautics  and  Space  Administration  (NASA)  that  NASA 
should  establish  and  chair  an  interagency  committee  to  develop  governmental  thoughts 
on  the  subject. 

(7)  I suggested  that  the  agencies  pull  together  requirements  for  such  a lower  resolu- 
tion system  and  convey  them  to  NASA.  NASA  will  then  determine  how  such  a develop- 
ment might  proceed  from  a technical  standpoint  and  in  the*  interests  of  overall  economy 
in  the  space  budget. 

(8)  1 suggest  that  the*  Deputy  Administrator  (AD),  NASA,  organize  the  committee  rec- 
ommended in  the  Administrator's  memorandum  to  AD,  dated  August  12,  1 9bb,  (See  also 
NSAM  349)  and  that  the  agencies’  requirements  and  the  NASA  suggested  approach  to 
development  be  submitted  to  that  committee.  This  will  insure  that  NASA  is  the  focal  point 
for  advice  during  the  developmental  period.  This  is  most  appropriate — because  of  the* 
multi-agency  interest,  NASA  is  in  the  best  position  to  serve  all  of  the  interests  of  the  gov- 
ernment. 


[rubber  stamped:  “Leonard  Jaffe"| 
Leonard  Jaffe 

Fa  ic Insures 
NSAM  349 

The  Frontiers  of  South  America 

Memo  For  the  Record,  from  SAR/ Reeves,  dated  August  31,  196b 
SA/LJaffc/mc  8/31/66 

bcc:  S/Newell 

AXC 

Concurrence:  

Homer  S.  Newell 
Associate  Administrator  for 
Space  Science  and  Applications 


l/Morrison 

[handwritten  note:  “9/6/66”! 
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| 1 ] For  the  Record 


[rubber  stamped  “AUG  31  19()f)”| 


SAR/ Robert  G.  Reeves 

Meeting  at  the  U.S.  Geological  Survey  (USGS), 

10  a.m.,  August  25,  1966 

A meeting  was  c alled  by  Mr.  Kdgar  l..  Owens,  Chief,  Planning  Division,  Bureau  for 
Latin  America,  Department  of  State,  Agency  from  International  Development  (AID),  and 
was  held  in  the  Director’s  Conference  Room,  U.S.  Geological  Survey.  Attendees  were: 

Kdgar  L.  Owens,  State/ AID 

Kenneth  Milow,  Stale /AID 

Leonard  Jaffe,  NASA/Code  SA,  Director 

James  R.  Morrison,  NASA/Code  I 

Robert  G.  Reeves,  NASA/Code  SAS  (USGS) 

Arch  B.  Park,  USI)A/ Agricultural  Research  Service 
James  Bailey,  lT.S.  Naval  Oceanographic  Office  (USNOO) 

Leo  V.  Slices,  USNOO 

William  A.  Fischer,  USGA/Office  of  the  Director 
Montie  R.  Klepper,  U SC iS/ Associate  Chief 'Geologist 
Charles  J.  Robinove,  USGS/ 1 lydrology  Program  Manager 
John  Place,  USGS/ Geography  Program  Manager  (Acting) 

Robert  Peplies,  USGS/ Geography  Program  (Last  Tennessee  State  University) 

The  subject  of  the  meeting  was  to  discuss  the  possibility  of  using  Remote  Sensors  for 
resources  surveys  in  the  AID  program,  Latin  America.  Spec  ideally,  preparation  of  a paper 
explaining  the  techniques  of  remote  sensing,  suitable  for  use*  by  higher  officials  State  was 
requested  (See  enclosed  letter  to  W.A.  Fischer  from  K.L.  Owens). 

[2|  Pile  meeting  opened  with  a brief  review  of  the  recommendations  of  the  Rostow 
Report,  which  includes  formation  of  an  interagency  committee  to,  among  other  things, 
investigate  use  of  space  for  resources  studies  in  Latin  America.  The  Department  of  State 
(Assistant  Secretary  for  Latin  American  Affairs)  has  action,  according  to  NSAM  349,  to 
convene  such  a committee.  The  National  Aeronautics  and  Space  Administration  (Dr. 
Seamans)  will  probably  chair  the  committee.  A “working  group”  drawn  probably  from 
among  those  in  attendance  at  this  meeting  (and  including  others,  no  doubt)  will  proba- 
bly be  constituted;  results  of  this  meeting  will  probably  influence  the  decision  whether  or 
not  to  recommend  constitution  of  a formal  working  group. 

Mr.  Jaffe  cautioned  about  overenthusiasm  on  part  of  underdeveloped  nations  for  new 
and  exotic  techniques,  with  concomitant  exclusion  of  proven  methods,  lie*  gave*  as  an 
example  the  reliance  on  satellites  for  communication  in  Latin  America.  Work  on  a 
microwave  net  connecting  South  American  capitals  was  stopped  when  communication 
satellites  made  their  appearance;  however,  the  South  American  countr  ies  have  not  been 
able  to  use*  satellites,  and  neither  do  they  have  a microwave  link. 

Political  sensitivity  of  remote  sensing  was  briefing  discussed.  Mr.  Morrison  mentioned 
the  Brazilian  proposal,  and  I reviewed  a recent  memorandum  from  Dr.  Fernando  de 
Mendonca  (Technical  Director,  Brazilian  National  Space  Activities  Commission)  stating 
that  the  undertaking  of  the  proposed  Brazilian  Remote  Sensing  Project  has  been 
approved  by  the-  Brazilian  National  Security  Council. 
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Mr.  Fischer  reviewed  the  USGS  briefing  to  Secretary  Udall  outlining  the  USGS  views 
on  and  needs  for  an  “evolutionary”  Eartli  Resources  Observational  Satellite  (EROS). 

I lie  R(,A  proposal  was  briefly  discussed.  Il  was  agreed  dial  il  is  I)  a commercial  pro- 
posal, therefore  some  performance  claims  and  cost  data  are  suspect  2)  possibly  beyond 
present  slate  of  the  an.  ' 

I)r.  Park  stated  need  on  part  of  agricultural/forestry  scientists  in  Latin  America  and 
o<hei  developing  countries  for  more  and  improved  data. 

I le  also  stated  that  ( :Sl)A  has  a need  for  a “tropical”  test  site  and  other  activities  to  get 
remote  sensor  signatures  and  correlations  and  develop  interpretative  techniques.  This  is 
necessary  to  fulfill  USD.Vs  mission  of  keeping  track  of  worldwide  agricultural  activities. 

Mr.  Fischer  stated  that  l ISGS  has  same  need  as  USIM  for  data,  to  fulfill  its  missions  of 
supporting  All)  in  assistance  programs  in  underdeveloped  countries  and  also  studying 
geologic  features  and  phenomena  and  mineral  resources  that  are  global  in  contact. 

I Mr.  Robinow  slated  that  more  data,  of  the  type  possibly  obtainable  from  space,  are 
necessary  for  hydrologic  studies.  Those  too  arc  global  in  space. 

It  was  generally  agreed  that  mote  and  improved  data  are  necessary  to  assist  in  I.atin 
American  studies;  commonly  the  platform  is  of  no  interest  to  the  user  scientists,  only  good 
data.  However,  the  platform  does  effect  the  characteristics  of  data  and  it  seems  likely  that 
data  Irom  space  may  provide  at  least  some  of  the  necessary  resources,  information  in  a 
Inrin  superior  to  aircraft  data;  and  that  these  data  are  needed  now. 

Io  provide  the  necessary  “background”  materials  various  documents  already  in  being 
or  in  preparation  were  discussed— chiefly  the  OSSA-SA-SAR  prospectus  and  summer  study 
piospec 'tus.  ( erlain  key  items  are  needed — in  my  opinion,  it  may  be  better  to  prepare  a 
separate  summary.  These  items  are: 

(1)  Statement  of  usefulness  of  remote  sensors  for  resources  investigations  (discuss 
both  airborne1  and  spaceborne). 

(2)  What  is  underway  in  development  and  use  studie  s of  remote  sensors  for  resources 
investigation. 

(H)  What  needs  to  be  done,  in  addition  to  work  already  mulct  way. 

(4)  Competence  and  abilities  of  Latin  America  scientists  and  organizations  to  under- 
take this  project.  (Also,  desires  of  various  countries  should  be  commented  on 

for  example,  Argentina,  in  person  of  the  Director  of  their  Geological  Survey,  Dr. 

1 i“lix  Bonorino  Gonzales,  is  very  interested  in  this  program.) 

(5)  Gost  of  natural  resources”  satellite  program  and  how  funded. 

Mr.  jaffe  made  the  following  points: 

(I) 1  he  user  agencies  should  come  up  with  their  data  requirement:  resolution,  areal 
[sit  1 (ovciage,  spectral  range,  etc.  Especially  needed  are  requirements  that  might 
he  met  by  a system  such  as  that  proposed  by  RCA. 

{1)  NASA  will  examine  requirements  and  determine  how,  from  a technical  stand 
point,  they  can  best  he  met;  especially,  how  they  can  he  melded  with  on-going  pro- 
grams, with  minimum  cost. 

(3)  That,  although  from  a technical  stand  point,  No.  2 could  be  done  in  a few  weeks, 
certam  decisions  are  being  made  which  would  greatly  affect  any  examination  of 
1)|;J  therefore,  it  would  be  better  to  await  the  results  of  these  decisions.  These 
decisions  are  expected  in  about  a month. 

[1 1 Mr.  Fischer  agreed  to  pull  together  USDA,  USNOO,  and  USGS  requirements  into  one 
document,  for  review  by  the  user  agencies  and  submission  to  NASA  for  engineering  exam- 
ination. " 

Mr.  Morrison  stated  that  it  is  NASA  policy  for  foreign  countries  to  he  “self  support- 
ing although  NASA  assists  in  providing  some  equipment,  training,  and  technical  service 
II  the  foreign  countries  have  to  pay  their  share  of  the  costs  of  space  programs,  they  then 
make  every  effort  to  ensure  that  the  programs  are  properly  carried  out.  Mr.  Owens 
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generally  agreed  with  this  NASA  concept,  although  AID  does  have  limited  technical  coop- 
eration funds  to  assist  where  absolutely  necessary.  Mr.  Fisc  her  made  the  point  that  it  s bel- 
ter to  tie  anv  space  resources  study  projects  to  on-going  program,  to  take  advantage  ol 
United  States  and  counterpart  scientists  already  working  in  an  area  or  on  a project.  1 sug- 
gested that  even  if  scientists  are  already  at  work  in  an  area,  it  will  probably  be  necessary  to 
furnish  scientific/technical  advice  on  the  application  of  remote  sensors  to  the  problems  at 
hand. 

The  meeting  pointed  up  the  following:  . , . , 

(1 ) USD  A and  USGS  agree  on  the  immediate  need  for  data,  which  might  be  obtained 
from  spaceborne  remote  sensors,  for  domestic  and  foreign  resources  investigations. 

(2)  The  less  costly,  the  more  the  chances  of  success  of  any  program  involving  the  use 
of  remote  sensors  for  resources  investigations  will  be. 

(3)  High  resolution  is  still  a very  touchy  problem.  An  “intermediate  resolution  evo- 
lutionary system  has  a good  chance  of  being  accepted,  whereas  a program  using 
high  resolution  instruments  might  run  into  great  political  difficulties. 

Robert  (i.  Reeves 


Enclosure 

SARR/  R(  .Reeves: me  8/31/ 66 
bcc:  S/ Newell 

AXC 
SA/Jaffe 
SAD/Tepper 
USGS/Fischer 
USD  A Park 

NAVOUEANO/Alexiou 
SAR/Colvo 
SAR/Badglev 
1/ Morrison 


Document  11-16 

Document  title:  Office  of  the  Secretary,  U.S.  Department  of  the  Interior,  “Earth’s 
Resources  to  be  Studied  from  Space,”  News  Release,  September  21,  1966. 

Source:  Department  of  the  Interior  Library,  Department  of  the  Interior,  Washington,  D.C. 

When  the  Department  of  the  Interim  issued  this  press  release  announcing  hojert  EROS  (Earth 
Resources  Observation  Satellites)  on  September  21,  1966,  it  not  only  larked  a satellite  supplier,  but 
also  fu  rids  had  yet  to  he  allocated  for  the  project.  Proposing  the  EROS  project  was  actually  a bold  move 
by  the  Interior  Department  to  force  NASA  into  providing  an  initial  Earth  resource  survey  satellite  in 
short  order.  Although  NASA  moved  to  comply,  budget  battles  between , both  organizations  and  the 
Bureau  of  the  Budget  delayed  launch  of  the  first  satellite  until  July  1972. 
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| 1 ] For  release:  SEPTEMBER  2 1 , 1966 

Earth’s  Resources  to  be  Studied  from  Space 

Project  EROS  was  announced  today  by  Secretary  of  the  Interior  Stewart  E.  Udall. 
EROS  (Earth  Resources  Observation  Satellites)  is  a program  aimed  at  gathering  facts 
about  the  natural  resources  of  the  earth  from  earth-orbiting  satellites  carrying  sophisti- 
cated remote  sensing  observation  instruments. 

“Project  EROS,”  said  Udall  “is  based  upon  a series  of  feasibility  experiments  carried 
out  by  the  U.  S.  Geological  Survey  with  NASA,  universities,  and  other  institutions  over  the 
past  two  years.  It  is  because  of  the  vision  and  support  of  NASA  that  we  ar  e able  to  plan  pro- 
ject EROS.” 

Udall  said  that  “this  project  will  provide  data  useful  to  civilian  agencies  of  the 
Government  such  as  the  Department  of  Agriculture  who  are  concerned  with  many  facets  of 
our  natural  resources.  Thi*  support,  of  these  agencies  is  vital  to  the  success  of  the  program.” 

The  Interior  Secretary  said  that  “the  time  is  now  right  and  urgent  to  apply  space  tech- 
nology towards  the  solution  of  many  pressing  natural  resources  problems  being  com- 
pounded by  population  and  industrial  growth.” 

Udall  said  that  the  Interior  Department  program  will  provide  us  with  an  opportunity 
to  collect  valuable  resource  data  and  use  it  to  improve  the  quality  of  our  environment.” 
(2]  “Facts  on  the  distribution  of  needed  minerals,  our  water  supplies  and  the  extent  of 
water  pollution,  agricultural  crops  and  forests,  and  human  habitations,  can  lx*  obtained 
on  a global  basis,  and  used  for  regional  and  continental  long-range  planning,”  he  said. 

Secretary  Udall  named  Dr.  William  T.  Pecora,  Director  of  the  IJ.  S.  Geological  Survey, 
to  head  the  program. 

“A  team  of  knowledgeable  scientists  and  resource  data  users  will  guide  government 
and  private*  agencies  in  making  their  data  needs  known,  and  to  help  plan  a major  effort 
in  the  exploration  of  the  earth  for  human  benefit,”  Udall  said. 

Pecora  and  his  earth  science  colleagues  described  space-sensing  of  the  earth  as  “the 
ability  to  ‘see'  more  easily  beneath  the  water  and  forest  or  soil  cover,  and  the  ability  to  view 
areas  of  the  earth  repetitively  at  various  times  and  seasons.  Another  basic  advantage  is  the 
fact  dial  comparable  observations  can  be  made  all  over  the  earth." 

“Although  we  are  now  gaining  valuable  information  from  existing  satellites,”  Pecora 
said,  “none  art*  capable  of  providing  global  coverage  of  the  type  required  for  successful 
resource  application.” 

“We  visualize  EROS  as  an  evolutionary  program,”  said  Pecora,  “beginning  with  televi- 
sion cameras  flown  in  an  orbit  that  will  cover  the  entire  surface  of  the  earth  repeatedly, 
under  nearlv-identical  conditions  of  illumination.” 

Pecora  said  that  “we  plan  to  fly  the  first  satellite  in  1969,"  and  that  “the  cost  of  launch- 
ing t he*  first  EROS  vehicles  is  not  expected  to  exceed  $20  million — far  less  than  the  cost 
of  photographing  the  earth  by  conventional  aerial  means.” 

“What  we  have  learned  from  photographs  taken  recently  from  orbiting  spacecraft,” 
the  Survey  Director  said,  “indicates  that  the  lands  can  be  examined,  evaluated,  and 
mapped,  and  the  type  and  vigor  of  plants  can  be  determined.  In  addition  to  the  cameras 
that  will  provide  the  photographic  record,  the  first  vehicle  will  also  have  a small  telecom- 
munications unit  so  that  we  may  relay  data  to  and  from  ground  stations  that  will  aid  in 
interpreting  the  television  images.  These  relayed  ground  data  will  include  seismic  and 
other  information  that,  hopefully,  will  enable  us  to  predict  some  natural  disasters.” 

Pecora  explained  dial  “future  sensing  systems  will  employ  heat-measuring  devices  to 
monitor  the  earth’s  volcanoes  and  search  for  sources  of  geothermal  power,  radar  that  will 
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‘see’  beneath  the  c louds,  and  eventually  cameras  with  sulfic  ienl  resolving  power  to  permit 
timely  up-dating  of  our  national  topographic  map  series.” 

|3]  “In  addition  to  savings  in  the  cost  of  updating  these  maps,”  said  Pecora,  “the  avail- 
ability of  updated  maps  will  result  in  a savings  of  over  $100  million  annually  to  the 
American  public.  Applied  on  a global  basis,  the  savings  would  exceed  a billion  dollars  a 
year.  ” 

The  earth  scientist  emphasized  the  importance  of  feasibility  experiments  that  have 
been  carried  out  by  his  agency  with  NASA  and  other  research  and  technical  agencies. 
“These  experiments  enable  us  to  start  the  EROS  program  with  confidence  in  its  useful 
application  for  the  benefit  of  man,”  he  said. 

In  announcing  the  EROS  program,  Secretary  Udall  pointed  to  the  huge  national 
requirements  for  natural  resources  needed  to  feed  out  technologic  society  as  well  as  the 
need  to  conserve  the  Nation's  lands.  “We  must  insure  that  we  use  our  resources  wisely,”  he 
cautioned,  adding  that  “the  information  gained  from  EROS  vehicles  will  be  synthesized 
and  made  generally  available;  it  will  help  us  achieve  maximum  list*  of  our  resources  with 
minimum  waste.” 

“We  firmly  believe,”  said  the  Interior  Secretary,  “that  the  use  of  the  Earth  Resources 
Observation  Satellite  will  provide  technological  support  for  the  continuation  of  our  soci- 
ety of ‘plenty*  for  generations  to  come.  EROS  will  be  just  the  beginning  of  a great  decade 
in  land  and  resource  analysis  for  a burgeoning  population.” 

Document  11-17 

Document  title:  Charles  F.  Luce,  Under  Secretary,  U.S.  Department  of  the  Interior,  to  Dr. 
Robert  C.  Seamans,  Jr.,  Deputy  Administrator,  NASA,  October  21,  1966,  with  attached: 
“Operational  requirements  for  global  resource  surveys  by  earth-orbital  satellites:  EROS 
Program.” 

Source:  Department  of  the  Interior  Library,  Department  of  the  Interior,  Washington,  D.C. 

Shortly  after  the  September  21,  1966,  Department  of  the  Interior  press  release  announcing  Project 
EROS,  NASA  served  notice  that  it  was  willing  to  develop  the  sort  of  resource  survey  satellite  that  the 
V.S.  Geological  Survey  required.  The  Department  of  the  Interior  wasted  little  time , quickly  sending 
AvLSVl  its  specific  requirements  for  the  initial  satellite.  Although  the  Department  of  the  Interior  hoped 
to  be  receiving  data  from  a satellite  within  two  years,  budgetary  and  management  disputes  delayed 
the  launch  until  1972. 
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October  21,  I960 


Dear  Bob: 

In  my  letter  to  you  of  October  7,  I indicated  that  the  Geological  Survey  was  prepared 
to  submit  a document  of  “performance  specifications"  of  the  EROS  Program  for  evalua- 
tion by  your  staff.  I am  pleased  to  transmit  the  enclosed  document  which  sets  forth 
Interior’s  operational  requirements  as  a basis  for  extensive  discussions. 

Since  our  meeting.  Dr.  Pecora  has  attended  two  meetings  at  NASA  preparatory  to  spe- 
cific recommendations  on  the  Mexico-Bra/il  agreements  and  state-of-the-art  analyses. 
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Send  ary  Udall  is  very  happy  to  know  that  our  coordination  is  progressing  so  favorably 
and  hopes  these  discussions  will  lead  to  areas  of*  early  agreement  and  action  in  the  con- 
text of  the  EROS  concept. 

Sincerely  yours, 

( Charles  F.  Luce 
Under  Secretary 

l)r.  Robert  (’.  Seamans,  Jr. 

Deputy  Administrator,  Code  AD 
National  Aeronautics  and 
Space  Administration 
Washington,  D.C.  20540 


Enclosure 
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Operational  Requirements  for  Global  Resource 
Surveys  by  Earth-Or  bital  Satellites  EROS  Program 

The  EROS  Program  of  the  Department  of  the  Interior  requires  sensors  to  he  placed 
in  orbit  to  obtain  systematic  synoptic  and  repetitive  imaging  of  natural  and  cultural  fea- 
tures whose  description  and  understanding  is  vital  to  Interior  Department  missions  in 
many  disciplines.  The  Interior  Department  is  convinced  that  the  earliest  possible  acquisi- 
tion of  satellite  data  is  of  great  importance  and  therefore  outlines  the  following  require- 
ments for  the  first  EROS  satellite  on  a “performance  specification"  basis.  All  presently 
available  qualified  satellite  platforms,  sensors,  and  facilities  should  be  evaluated  for  their 
capabilities  to  fulfill  Interior  Department  requirements.  We  hope  to  begin  acquiring 
resourc  e data  from  an  operational  system  by  the  end  of  1969. 

The  first  satellite,  planned  as  an  optimum  general  purpose  data  collector,  should  he 
followed  by  a series  of  EROS  satellites  carrying  more  sophisticated  sensors  using  other 
regions  of  the  electromagnetic  spectrum  and  also  measuring  force  fields.  A tentative  pri- 
ority for  the  later  sensors  is  l)  high  resolution  infrared  image  r,  2)  radar  imager  and  scat- 
terometer,  3)  ultraviolet  luminescence  sensor,  4)  microwave  radiometer,  and  5)  gravity 
gradient  and  magnetic  sensors.  Specific  requirements  for  these  sensors  are  not  stated  at 
[2 1 this  time,  hut  will  he  developed  as  the  engineering  of  the  sensors  and  interpretive 
capability  develops  of  users  of  data. 

1.  Basic  Requirements 

A.  Near  global  coverage 

B.  Repetitive  observation  at  same  local  time 

( Photographic  or  imaging  data 

I).  Vertical  viewing  required  in  normal  operation  but  oblique  viewing  desirable  for 
si  i pj  >1  emeu  tar  y coverage 

E.  Slight  overlap  of  images  in  direction  of  flight  and  sidelap  at  the  equator 

E.  Minimum  operational  life*  of  one  year 

(;.  Analog  data  return 

H.  Capability  for  in-flight  command  programming 
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I.  Capability  of  carrying  additional  unspecified  instruments  with  weight  of  50-100 
pounds 

J.  Data  telemetering  capability  from  ground-based  instruments  through  satellite* 
communications  link  to  central  data-reduc  tion  facilities 

k.  Unclassified  systems  and  data 


II.  System  constraints  imposed  by  basic  requirements 

A.  Sun-synchronous  orbit  with  sun  angle  at  30“  at  5 (V  latitude,  at  vernal  equinox  at 
24)  hours  (local  sun  time)  before  or  after  true  noon 
[3]  B.  Power  supply  sufficient  for  sensors  and  data  transmission  and  relay 

( . Stabilization  sufficient  to  maintain  a minimum  of  1°  pointing  accuracy  at  vertical 
D.  On-board  data  storage  as  required  by  relation  of  orbit  altitude,  and  tracking  stations 
k.  Data  late  commensurate  with  resolution  and  number  of  elements  in  final  design 


III.  System  requirements  for  optimum  data  acquisition 

A.  Imagery 

l.  (.round  resolution  of  lOO’^OO’  per  resolution  element  (on  a side) 

1.  field  of  view  of  about  100  statute  miles  on  a side  (square  format) 

3.  Spectral  resolution 

a.  about  100  mg  spectral  increment  peaked  at  510  mp 

b.  150  mg  spectral  inc  rement  peaked  at  about  700  mg 

4.  Ground  recording  in  two  modes  (direct  analog  image  and  magnetic  tape') 
with  the'  least  image  degradation  possible. 

B.  Data  communications  relay 

1.  Capable  of  relaying  digital  data  from  earth-based  sensors  to  central  data- 
reduc  tion  and  computing  facilities. 

[4.1  2.  Required  data  transmission  to  be-  on  a basis  of  at  least  daily  readout  of  data 

stoied  at  giound  stations  and  collected  at  intervals  of  1—5  hours.  Data  rate 
and  volume  would  be  low. 

3.  Ground  sensors  may  include,  but  not  be  limited  to: 

a.  insolation  meters 

b.  stream  gages  and  water-quality  recorders 

c.  tilt  meters 

d.  thermal  probes 

e.  seismometers 
1.  strain  gages 

g.  displacement  meters 
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In  1967 , with  no  dear  mission  for  the  post-Apollo  era , some  NASA  officials  began  to  talk  about  space 
activities  that  could  be  justified  in  terms  of  public  benefit.  Av  the  head  of  the  Polity  Staff  Irwin 
Half  urn  pointed  out  to  Assistant  Administrator  for  Polity  Jacob  E.  Smart  in  this  memorandum  that 
the  Earth  Resources  Surx>ey  ref > resen ted  the  sort  of  justifiable  program  the  space  agency  needed. 


| 1 1 NATIONAL  AERONAUTIC ',S  AND  SPACE  ADMINISTRATION 

WASHINGTON,  DC.  20540 


September  5,  1967 


MEMORANDUM  for General  Smart  - E 
Subject:  Earth  Resource's  Survey  Program 

I would  strongly  recommend,  from  a policy  point  of  view,  that  the  Earth  Resources 
Survey  [ERS|  Program  and  its  plac  e in  the  overall  space  budget  now  be  reassessed. 

It  is  imperative,  in  my  judgment,  that  NASA  make  plain  that  it  is  doing  important 
things  for  people.  This  is  what  the*  President  and  the  Congress  art*  concerned  about.  This 
is  the  test  to  which  the  taxpayer  is  putting  Federal  programs.  This  is  why,  in  essence,  our 
budget  has  been  cut  so  severely. 

File  ERS  program  would  score  well  in  this  test:  with  proper  emphasis  and  direction, 
it  could  provide  major  demonstrable  economic  returns  in  the  near  as  well  as  distant 
future.  I'iie  need  now,  it  seems  to  me,  is  to  capitalize  upon  this  asset,  to  pursue  the  pro- 
gram with  a greater  level  of  effort  than  now  planned,  and  thereby  to  seize  an  important 
opportunity  (while  there  is  still  flexibility  in  the  FA" ‘08  budget)  to  strengthen  the  basis  for 
public  support  for  the  entire  space  program  in  an  election  year. 

We  should,  in  my  judgment,  take  the  lead  of  the  Vice  President  (who  recently  voiced 
concern  that  too  little  was  being  done  in  the  ERS  Program)  and  the*  recent  Woods  Hole 
Conference  (which  c alled  for  proceeding  apace  with  an  aircraft  as  well  as  satellite  ERS 
development  program)  and  ensure  that  this  program  is  pursued  with  a higher  level  of 
effort.  'File  Departments  of  Agriculture,  Interior  and  Navy  have  asked  NASA  for  support 
for  R&D  in  the  ERS  area.  We  are  responding  by  providing  only  25  percent  of  the  $8  mil- 
lion or  so  that  is  required.  Such  responsiveness  to  the  interests  of  potential  consumer 
agencies  may  well  give*  rise*  to  charges  that  NASA,  instead  of  leading  the  assault  on  a whole 
new  area  of  technology,  is  in  the*  van  dragging  its  feet.  In  my  view,  finding  goals  in  com- 
mon with  other  Federal  agencies  and  programs  is  tantamount  to  finding  new  bases  of  sup- 
port for  the*  space  program.  This  would  argue,  in  turn,  for  increased  responsiveness  to  the 
interests  of  other  agencies. 

[21  Despite  tlu*  low  level  of  effort  mounted  to  date,  the  NASA  ERS  Program  has  already 
made  a substantial  contribution  to  the  economy  in  stimulating  a national  awareness  of  the 
potential  of  remote  sensing.  It  is  probably  fair  to  say  that  NASA  has  served  as  a c atalyst  in 
the*  field  of  exploiting  the  whole  electromagnetic  spectrum  for  economic  uses.  A new7 
industry  is  aborning  [sic:] : Teledyne  is  planning  to  establish  an  ERS  service  company  that 
may  inc  lude  from  six  to  twenty  twin-engine  aircraft  equipped  with  multiban  camera  sys- 
tems; Westinghouse  will  soon  hold  a conference  on  the  use  of  side-looking  radar  for  nat- 
ural resourc  e exploitation.  In  my  view,  NASA  has  the  opportunity  and  the  obligation  to 
follow  through  and  remain  at  tlu*  cutting  edge  of  the  new'  technology  (to  the  extent  se  cu- 
rity considerations  permit),  in  order  to  give  new'  impetus  to  industry's  advanc  e in  this  field. 

Furthermore,  what  we  do  or  fail  to  do  in  this  area  may  importantly  affec  t our  world 
position  politically  and  economically.  The  ERS  Program  offers  an  opportunity  to  substan- 
tially expand  international  cooperation  (Brazil  and  Mexico  have  already  sought  to  work 
with  us  in  this  area).  Encouraging  the  development  of  ERS  capabilities  at  aircraft  levels  in 
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the  course  of  developing  a satellite  capability  would  afford  the  United  States  rich  opportu- 
nities to  assist  less  developed  countries  in  ways  that  are  very  meaningful  and  beneficial  to 
them  in  the  near  term.  At  the  same  time,  by  shirking  leadership  in  the  ERS  field,  we  risk 
being  upstaged  by  the  Soviets,  who  have  lately  indicated  an  interest  in  the  economic  uses 
of  satellite  photography.  On  the  security  side,  the  NASA  program  holds  out  the  promise  of 
contributions  to  a more  stable  world  by  helping  to  gain  wide  acceptance  for  “open  skies.” 
In  conclusion,  I believe  that  by  strengthening  the  Earth  Resources  Survey  Program, 
even  at  the  expense  of  certain  scientific  or  hardware  projects,  we  would  strengthen  the 
total  space  program  and  protect  its  future.  Such  a step  would  draw  public  attention  to 
meaningful  post-Apollo  activity  and  possibly  even  away  from  the  moon  mission  itself. 
Above  all,  it  would  offer  the  President  an  opportunity  to  single  out  a tangible,  indeed 
exciting,  example  of  how  the  space*  program  is  supporting  other  important  national  goals, 
such  as  tin*  war  on  hunger,  and  thereby  helping  people  both  at  home  and  abroad. 

| hand-signed:  “Irwin  P.  Halpern”| 

Director,  Policy  Staff 

Document  11-19 

Document  title:  Jacob  E.  Smart,  Assistant  Administrator  for  Policy,  NASA,  Memorandum 
for  Dr.  Mueller,  et  al.y  “Earth  Resources  Survey  Program,”  October  3,  1967,  with  attached: 
Draft  Memorandum  for  Mr.  Webb,  Dr.  Seamans,  Dr.  Newell,  “Issues  Re:  The  Earth 
Resources  Survey  Program.” 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

Throughout  IV67,  NASA  debated  making  the  Earth  Resources  Survey  (ERS)  program  a high  priori- 
ty for  the  post- Apollo  era , perhaps  involving  the  activities  of  a human  crew.  Although  this  program 
offered  a number  of  potential  payoffs  for  the  agency,  it  contained  sei’eral  liabilities  as  well.  Desiring 
agency-wide  consensus  on  the  proper  approach  to  the  ERS  program.  Assistant  Administrator  for  Policy 
Jacob  E.  Smart  sent  this  assessment  of  key  issues  involved  with  a request  for  feedback  to  Associate 
Administrator  for  Manned  Space  blight  George  E.  Mueller  and  other  high- lei ud  NASA  officials. 
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NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 
WASHINGTON,  D.C.  20546 
October  3,  1967 


OFFICE  OF  THE  ADMINISTRATOR 

MEMORANDUM  for  Dr.  Mueller  - M 
Dr.  Adams  - R 
Mr.  Cortrighl  - S 
Mr.  Finger  - I) 

Mr.  Mathews  - ME 
Mr.  Jaffa  - SA 
Mr.  Wyatt  - P 
Mr.  Frutkin  - 1 
Admiral  Boone  - W 
Dr.  Eggers  - R 
General  Cabell  - OY 


Mr.  Dembling  - G 
Mr.  Sc  beer  - F 
Mr.  Allnut!  - C 
Mr.  Lilly  - B 


Exploring  mi  Unknown 


251 


Subject:  Earth  Resources  Survey  Program 

For  some  time,  this  office  has  been  attempting  to  understand  the  full  ramifications  of 
the  policy  and  procedural  aspects  of  the  ERS  matter.  Our  purpose  is  to  identify  and  artic- 
ulate issues,  to  assist  in  establishing  procedures  to  ensure  that  the  important  issues  are  rec- 
ognized, evaluated,  and  viewed  in  perspective  by  NASA’s  decision  makers  and  by  the 
specialist  and  generalist  staff  members  whose  function  it  is  to  advise  decision  makers.  To 
grasp  the  significance  of  earth  resource  sensing,  of  its  complexities,  and  attendant  prolv 
lc. ns,  requires  the  best  talent  that  NASA  can  muster.  We  solicit  your  personal  assistance 
and  the  cooperation  of  your  office  in  the  development  of  policy  on  this  matter. 

Attached  is  a first  draft  appreciation  of  the  issue  as  seen  bv  this  of  fice.  We  request  that 
you  review  and  constructively  critic  ize,  either  verbally  or  in  writing,  this  draft  and  contin- 
ue to  share  with  us  a sense  of  responsibility  for  the  development  of  policy  guidance  with 
respect  to  NASA’s  internal  and  external  activities. 


f hand-sign ed:  ‘‘Jacob  E.  Smart"] 
Assistant  Administrator 
for  Policy 

* * * * * * * * * * 

1 1 1 NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 

WASHINGTON,  D.C.  2051 b 

OFFICE  OF  TI IE  ADMINISTRATOR 

DRAKE 


MEMORANDUM  for  Mr.  Webb  - A 
Dr.  Seamans  - AD 
I)r.  Newell  - A A 

Subject:  Issues  Re:  The  Earth  Resources  Survey  Program 

The  question  of  NASA's  involvement  in  the  Earth  Resources  Survey  Program  has 
readied  a critical  juncture  at  which  fundamental  decisions  and  overall  guidance  now 
seem  imperative.  On  the  one  hand,  ERS  constitutes  an  important  technical,  political  and 
economic  c hallenge  in  which  NASA  could  play  a formidable  role.  On  the  other  hand, 
diverse  and  complex  inter-agency  issues  which  bear  directly  on  security  and  other  kev 
national  polic  ies,  as  well  as  the  requirement  to  arrive  at  internal  managerial  decisions 
need  to  he  weighed  very  carefully  before  any  broad  NASA  go-ahead  is  given. 

I he  positive  aspects  of  the  program  break  down  into  three:  compelling  political  real- 
ities, potential  economic  and  social  contributions,  and  fairly  widespread  scientific,  tech- 
nical and  industrial  interest.  ERS  offers  NASA  a unique  and  timely  opportunity  to  furnish 
the  President  anti  the  Congress  with  demonstrable  evidence  that  the  space  program  t an 
he  eilet  lively  applied  to  critical  national  and  international  problems  such  as  poverty,  over- 
population, urban  stabilization  and  the  enhancement  of  natural  [2]  resources.  If  it  is  to 
sin  vive  in  todays  budgetary  environment,  NASA  must  be  responsive  to  these  very  real 
problems,  as  well  as  continue  with  its  vital  efforts  to  reach  out  and  explore  the  solar  sys- 
tem. With  respect  to  the- future,  these  problems  will  also  haunt  the  next  Administration— 
and  the  ne  xt.  I he  l S.S.R.  also  stands  in  the  wings,  readying  itself  to  exploit  aerospace 
sc  ient  c and  technology  for  political  and  economic  gain.  At  home,  other  governmental 
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;MIt.„cies  the  Space  and  Marine  Councils,  the  National  Academy  of  Sciences  and  othei 
bodies  already  are  embarked  on  what  adds  up  to  a national  ERS  program.  And  segments 
of  industry  are  becoming  increasingly  interested  in  the  prospects  of  such  activity  and  aie 
beginning  to  invest  their  own  resources  in  this  field  of  endeavor.  Clearly;  there  is  no  ques- 
tion of  turning  or  holding  back  the  technology;  at  least  as  far  as  aircraft-borne  sensing  is 
concerned.  Moreover,  the  unclassified  technology;  including  the  release  of  Ceinmi  pic- 
tures, has  made  plain  that  the  state-of-the-art  is  ready  for  such  a development. 

Constraints:  The  controlling  issues  which  must  be  resolved  fall  into  the  categones  of 
(1)  security’  and  foreign  policy  implications.  (2)  multi-agency  management  and  fun  mg, 
H)  the  need  for  a sound  technical  feasibility  program  to  determine  precisely  what  aero- 
space system [s]  can  and  cannot  accomplish,  and  (4)  the  several  alternate  organizational 
options  which  NASA  could  pursue  in  the  event  a go-ahead  is  decided. 

| SI  The  conflict  with  DOD  and  other  national  agencies  extends  beyond  the  senility 
issue itself  a knotty  one — into  the  eventual  roles  and  missions  of  the  military  and  civil- 

ian space  agencies.  Moreover,  the  State  Department  has  been  chary  to  date  m its  endorse- 
ment of  an  international  ERS,  even  on  bilateral  lines.  At  issue  is  whether  the  objections  of 
those  powerful  agencies  can  be  overcome  and  whether  a mutually  agreed-upon  piogiam, 
delineating  respective  responsibilities  and  soliciting  mutual  cooperation  can  be  evolved. 

It  must  be  made  clear,  in  addition,  that  many  of  the  constraints  are  policy  constiaints 
reflecting  a dated  policy  environment  that  needs  to  be  examined  m the  light  ol  the  envi- 
ronment of  today  and  tomorrow.  . , , . | 

With  respect  to  other  governmental  agencies  such  as  the  Agriculture  and  Inter 101,  the 
essential  problem  is  definition  of  NASA’s  role:  whether  to  behave  as  the  lead  agency  a. 
least  through  the  R&D  phase,  utilizing  an  inter-agency  Program  Review  Boaid  r liancd  by 
NASA  as  a coordination  instrument,  or  to  consider  multi-agency  funding  and  manage- 
ment with  all  its  attendant  problems  as  the  program  proceeds.  An  example  of  a longei- 
range  consideration  is  what  NASA’s  continuing  role  should  be:  Should  we  phase  out  as 
soon  as  an  operational  system  is  developed?  Should  we  participate  in  operations  beyond 

providing  launch  services?  , 

I„  the  technical  arena,  while  much  research  in  selected  areas  has  been  accomplished, 
the  practicability  of  remote  sensing  of  aerospace  systems  remains  to  be  demonstrated  \\e 
must  also  examine  the  political,  economic  and  social  [41  consequences  of  ERS,  as  vu  11  as 
the  technological  aspects,  in  much  greater  depth,  lest  we  prematurely  build  up  public 
expectations.  The  fact  is,  however,  that  NASA  and  others  have  already  proclaimed  the  pro- 

gram’s  promise.  , , 

Finally,  ERS  looms  as  a major  undertaking  for  NASA  .1  the  above  issues  can  be  met. 

This  warrants  top-level  review  of  Headquarters  control  and  Center  participation  within 
NASA  and  a firm  inter-agency  arrangement  to  meet  the  myriad  ol  problems  and  objec- 

lions  which  occur.  , t . . . , 

We  come  then  to  the  primary  points  at  issue:  At  what  pace  should  this  nation  puisne 

an  Earth  Resources  Program  utilizing  aerospace  systems  and  what  should  NASA  s role  ter 
What  opportunities  exist  to  extend  our  demonstrated  capabilities  m communications, 
weather  and  navigation  satellites  to  the  ERS  area  in  order  to  be  more  responsive  to  prob- 
lems of  crucial  concern  to  the  Executive  and  Legislative  Departments.-  Should  NASA  con- 
tinue to  be  the  major  source  of  non-defense  funds  and  resources-  And  m the  same  vein, 
should  NASA  fulfill  a central  role  in  a national  civilian  program-  Should  there  not  be  a 
dear  national  policy  which  allocates  responsibilities  for  an  integrated  approach- 
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Document  11-20 

Document  title:  Edgar  M.  Cortright  for  George  E.  Mueller,  Associate  Administrator  for 
Manned  Space  Flight,  Memorandum  to  Assistant  Administrator  for  Policy,  “Earth 
Resources  Survey  Program,”  November  17,  1967. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

More  so  than  most  other  programs,  NASA's  Earth  Resources  Survey  (ERS)  program  was  an  intera- 
gency endeavor.  The  Departments  of  Agriculture,  the  Interior,  and  State  all  had  active  stakes  in  Earth 
resource  surveys . With  the  possibility  for  turf  disputes  in  mind,  NASA  approached  program  develop- 
ment with  a mixture  of  confidence  and  caution.  Responding  to  an  assessment  of  ERS  issues  fry 
Assistant  Administrator  for  Dolby  General  Jacob  E.  Smart,  Associate  Administrator  for  Manned 
Space  Elight  George  E.  Mueller  suggested  that  NASA  should  take  a firm  leadership  position.  Given 
Mueller's  position  as  head  of  the  portion  of  NASA  in  charge  of  humans  in  space ; it  is  not  surf  arising 
that  Mueller  seems  to  assume  that  NA SA  s remote-sensing  activities  would  he  conducted  aboard  occu- 
pied platforms. 


UNITED  STATES  GOVERNMENT 

Memorandum 


To:  K/ Assistant  Administrator 

for  Policy 

EROM:  M/ Associate  Administrator 

for  Manned  Space  Flight 

SUBJECT:  Earth  Resources  Survey  Program 

REFERENCE:  Your  memorandum  of  October  3, 1967,  same  subject 


DATE:  NOV  17  1967 


Thank  you  for  the  opportunity  to  comment  on  your  draft  memorandum  regarding  an 
Earth  Resources  Survey  Program.  The  draft  states  the  issues  and  brings  them  into  focus 
quite  well.  I therefore  have  a limited  number  of  comments  which  are  applicable  to  the 
draft  as  such. 

Accepting  your  invitation  for  assistance  I have  extended  my  remarks  in  several  areas 
to  propose  some  solutions  for  consideration.  Alternatively,  I have  suggested  some  factors 
which  I feel  must  necessarily  be  accounted  for  in  any  approach  to  resolution  of  several 
questions  raised  in  your  memorandum.  These  suggestions  are  based  on  three  years  of 
study  activity  conducted  by  the  Advanced  Manned  Missions  Program  Office,  study  in 
which  participation  of  potential  users  has  been  encouraged.  This  work,  which  is  continu- 
ing, has  sharpened  our  intuition  and  provided  some  knowledgeability  which  I am  pleased 
to  share  with  you. 


Scope  of  the  Memorandum 


Although  the  term  “resources"  is  being  used  by  some  NASA  spokesmen  in  a broad 
sense  to  include  cultural  resourc  es  as  well  as  natural  resources,  I suggest  that  the  scope  of 
the  memorandum  he  explicitly  broadened  by  choice  of  other  terms  in  title  and  text.  It  is 
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not  obvious,  for  instance,  that  a sc  heme  lor  malaria  control  is  within  purview  of  the  paper, 
and  there  are  enough  people  who  use*  the  terms  “resources**  and  “natural  resources”  inter- 
changeably that  confusion  is  likely  over  the  extent  of  the  subject  matter  involved.  A title 
such  as  “Karth  Applications  Survey,"  lbr  instance,  would  have  wider  implications  although 
I am  sure  this  can  Ik*  improved. 

The  use*  of The  terms  “aerospace  systems"  and  “aerospace  technology”  may  also  be  mis- 
leading since  I believe  you  are  principally  concerned  here  with  those  aspects  of  such  pro- 
grams which  utilize  space-borne  technology. 

(2|  Presumably,  aircraft  work  performed  by  NASA  as  a phase  in  the  development  of  spare 
technology  does  not  pose  policy  problems  of  the  same  genre  at  all.  NASA  developmental 
work  directed  at  air-borne  systems  as  such  does  not  appear  to  run  the  same  gamut  of  pol- 
icy considerations  as  the  space-borne  work,  nor  is  it  apparent  too  that,  in  areas  of  overlap, 
tiie  Agency  will  necessarily  wish  to  approach  resolution  of  the  issues  in  the  same  way.  I sug- 
gest that  issues  relevant  to  air-borne  systems  be  separated  from  those  relevant  to  space- 
borne  systems.  The  following  commentary  has  been  developed  in  the  context  of  problems 
pertaining  to  space-borne  systems. 

Present  Status 


The  assertion  on  page  2 that  the  ITS.  virtually  has  a national  KRS  program  requit  e s 
comment.  While  it  is  true  that  a number  of  agencies,  departments,  councils,  etc.,  are  more 
or  less  actively  engaged,  the  collection  of  efforts  lacks  the  cohesiveness  and  leadership 
characteristic  of  a program.  Moreover,  of  particular  relevance  in  this  context,  the  ongoing 
efforts  are  not  heavily  dependent  on  space  technology.  In  addition,  most  of  those  projects 
oriented  toward  the  application  of  space  technology-  arc  being  stimulated  by  NASA,  usu- 
ally with  NASA  funds.  Thus,  NASA  is  in  a unique  and  strong  position  in  the  application  of 
space-borne  technology  to  earth  oriented  requirements. 


NASA  Position  vis  a vis  Other  Agencies 


In  terms  of  assumed  role,  as  well  as  in  terms  of  expertise,  NASA  is  in  the  de  facto  posi- 
tion of  lead  agency  for  the  spat  e application  of  aerospace-borne  sensors.  It  is  logical  and 
natural,  as  well  as  administratively  superior,  for  NASA  to  continue  in  this  role — at  least 
through  the  R&I)  phases.  With  continued  cooperation  from  the  Departments  of 
Agriculture,  Interior,  and  others,  this  arrangement  would  greatly  fac  ilitate1  a strong  NASA 
lead  in  demonstrating  the  benefits  of  exploiting  the  advantages  of  this  new  medium.  It 
would  also  be  the  most  efficient  way  to  rapidly  bring  the  new  technology  along  on  behalf 
of  potential  users  who  are  without  strong  R&l)  orientations. 

Since  it  is  very  unlikely  on  the1  face  of  it  that  a separate1  satellite  system  will  become  a 
reality  for  every  user,  the  multi-purpose  space  platform  is  certain  to  play  a major  part  in  a 
future  operational  time  period.  Furthermore,  the  fact  that  the  cost  per  application  ought 
to  go  down  markedly  as  the  total  number  of  activities  on  board  the1  platform  increases 
weighs  heavily  in  favor  of  such  an  approach.  The  establishment  of  a lead  agency,  at  least 
through  the1  R&l)  phase,  is  essential  to  c arrying  this  kind  of  enterprise  forward  and  it 
would  be  a mistake  for  NASA  to  turn  aside  from  the  lead  position  already  established. 

1 5]  Although  NASA  might  accept  R&D  funding  from  potential  users,  it  is  desirable  to  con- 
tinue1 the1  practice*  of  NASA  funding.  This  is  particularly  true  in  cases  where  potential  use*rs 
lack  R&l)  funding  or  management  experience.  They  cannot  be1  expected  toe  rank  up  pro- 
grams where  the  benefic  ial  outcome  to  them  is  not  re  asonably  assured,  whereas  it  is  well 
within  NASA’s  charter  to  expend  money  for  endeavors  where  a good  measure*  of  faith  in 
tlu*  expectation  of  favorable  results  is  required. 
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In  the  latci  operational  period,  after  practical,  earth-oriented  applications  of  space- 
borne  systems  have  been  demonstrated  cost-effective,  users  should  be  expected  to  pay 
then  own  way  with  NASA  bearing  responsibility  for  launching,  tracking,  data  acquisition, 
and  data  dissemination. 

Security  and  the  Department  of  Defense 

It  may  be  that  the  Department  of  Defense  must  be  considered  a special  cast*  in  the* 
son  of  situation  envisaged  above  but  it  would  seen  neither  necessary  nor  desirable  for 
NASA  to  abandon  the  Held.  NASA  s ( barter  is  clear  in  authorizing  military  support  and, 
ptopeily  handled,  such  undertakings  will  enhance  public  confidence  in  the  worth  of 
NASA  programs.  NASA’s  predecessor,  the  NACA  (National  Advisory  Committee  for 
Aeronautics),  supported  the  military  without  diminution  of  its  public  image  or  interna- 
tional reputation.  In  addition,  workable  arrangements  exist  with  respect  to  classified 
undertakings  and  these  can  be  extended  into  the  new  arena. 

Proposals  have*  been  advanced  that  NASA  be  restricted  from  using  some  readily  avail- 
able technology  as,  for  example,  cameras  larger  than  <i  inch  ape  rture  for  gathering  earth 
data  from  orbit.  Such  blanket  proscriptions  must  never  be  allowed  to  become  established 
policy  since  this  would  render  some  very  promising  remote*  sensing  techniques  inaccessi- 
ble to  anyone*  but  the  1)01).  I he*  existence  of  the1  technology  which  would  be*  useful,  and 
its  < apahilitics,  are  openly  known,  lienee  security  policy  should  concentrate  on  1 1 1 < * col- 
lation and  utilization  of  certain  data  and  not  on  the  equipment.  Moreover,  NASA  has  no 
nee  d for  access  to  special  technologies  which  are  of  uniquely  military  character  and  which 
arc  therefore  not  at  issue. 

InteTnational  ( ionsidn  at  i<  mis 

I be*  reluctance  in  various  see  tens  to  conside  r international  space  applications  pro- 
grams must  be*  hroke*n  down  if  we*  are*  not  to  forego  an  e*xe  client  opportunity  to  foster  gen- 
uine*  intc'i  national  cooperation  as  well  as  to  greatly  enhance  our  prestige*  around  the 
woilet.  I here1  is  ample*  successful  precedent  for  inte*rnational  e oope*ration  in  spaee*  and  it 
would  be  a mistake*  not  to  expand  on  it.  Whateve  r peculiar  problems  are*  posed  by  an 
e*ffort  like*  an  Faith  Resources  Survey,  our  expe*rie*nce*  with  inte*rnationa]  efforts  in 
research,  in  meteorology,  in  communications,  and  in  manned  flight  offers  an  excellent 
basis  upon  which  to  proceed.  It  may  be  possible  to  initiate  viable  efforts  on  a national 
basis,  but  the*  full  potential  of  “benefits  for  all  mankind”  will  not  be*  achie'ved  without  sul>- 
stantial  international  participation. 

1 4 1 Feasibility,  Development,  and  Operations 

It  is  quite*  important  lo  differentiate*  bctwce*n  the*se*  phase's  of  program  e*ffort  since*  tin* 
polin' lo  f>e  pursued,  as  well  as  the  promise  of  results,  may  be*  quite  different  in  each  case. 
The  current  aircraft  program  and  early  Apollo  Applications  flights  are  aime*d  at  establish- 
ing the  feasibility  of  remote  sensing  from  orbit  in  the  many  spectral  bands  of  interest. 

Kase'd  on  (iemini  [handwritten  insertion  in  the  original:  meteorological  satellites,”) 

and  aircraft  work  to  date,  however,  I believe  that  sufficient  technical  feasibility  has  been 
established  to  warrant  laying  out  a development  program.  Such  a program  planning  effort 
would  provide  foc  us  and  perspective  for  on-going  and  future  feasibility  efforts.  It  would 
furnish  a structure  into  which  the*  results  of  these  efforts  could  be*  fitted,  thereby  hasten- 
ing the*  day  on  which  a development  program  could  be  initiated.  Potential  user  agencies 
should  officially  participate  in  the  developmental  program  planning  which  would 
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delineate  program  objectives,  the  benefits  which  can  be  expected,  and  the  cost  effective- 
ness of  different  ways  of  achieving  the  benefits,  all  as  related  to  an  eventual  operational 
program. 

Much  groundwork  directly  applicable  to  such  program  planning  has  been  laid  in  the 
normal  course  of  our  advanced  studies  program.  These  studies,  which  embraced  both 
technical  and  programmatic  aspects,  include  the  Manned  Orbital  Research  Laboratory 
(NAS  1-3612),  an  ORE  Experiment  Program  (NASvv-1215),  and  Spent  Saturn  S-IVB 
Utilization  (NAS8-21064).  In  conjunction  with  these  studies,  we  have  examined  how  such 
programs  could  be  implemented  organizationally,  emphasising  l sic]  the  use  of  NASA  in- 
house  capability  and  the  application  of  special,  user-agency  capabilities.  We  are  currently 
pursuing  a more  definitive  description  of  potential  economic  benefits  through  contract 
NASw-1604  with  the  Planning  Research  Corporation.  This  study  is  expected  to  provide 
greater  understanding  of  this  difficult  area  and  yield  a methodology  which  could  support 
a [Planning  Programming  Budgeting  System]  type  of  analysis.  Ihese  types  of  studies  must 
be  continued  and  expanded  or  we  cannot  hope  to  compete  successfully  in  the  Planning 
Programming  Budgeting  Systems  with  quantitative  assessments  of  promising  applications. 

In  closing,  1 should  like  to  request  that  you  keep  me  inf  ormed  of  your  progress  in  this 
matter.  You  may  contact  the  Director,  Advanced  Manned  Missions  Program,  for  informa- 
tion and  assistance  in  support  of  your  efforts. 


signed  by  Edgar  M.  Cortright 
for  George  E.  Mueller 


cc:  See  attached  sheet 


Document  11-21 

Document  title:  Interior  Department,  “Appeal  of  1971  Budget  Allowance:  EROS,” 
November  25,  1969. 

Source:  Record  Group  255,  Records  of  the  National  Aeronautics  and  Space 
Administration,  Federal  Records  Center,  Suitland,  Maryland. 

Despite  overcoming  technical  and  boundary  problems , and  successfully  selling  the  utility  of  an  Earth 
resources  survey  system  to  a variety  of  users,  NASA  and  the  Department  of  the  intenor  encountered 
almost  intractable  opposition  to  the  initiative  within  the  Nixon  administration's  Bureau  of  the 
Budget . The  Budget  Bureau  nearly  eliminated  the  Earth  Resources  Technology  Satellite  (ERTS)  pro- 
gram, hut  it  relented  when  Senator  Karl  Mundt,  pleased  that  the  Interior  Department  had  decided  to 
locate  the  data-processing  facility  in  his  home  state  of  South  Dakota , led  a drive  to  save  the  program. 


[no  pagination] 

Appeal  of  1971  Budget  Allowance 
EROS 


Requested  increase  - $7,500,000 

Allowed  increase  - minus  $3,900,000 

The  most  temperate  comment  that  can  he  made  about  this  allowance  is  that  it  must 
have  been  based  on  incredibly  had  advice. 
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Follow  inlciisivc  review  in  the  early  days  of  this  Administration  President  Nixon  pro- 
posed m his  1970  budget  start  of  a major  earth  resources  satellite  experiment.  In  his 
speech  before  the  General  Assembly  of  the  United  Nations  on  September  18,  I960,  the 
President  reaffirmed  his  commitment  to  an  earth  resources  satellite  program. 

Ambassador  Yost  has  undertaken  further  initiative  with  Secretary  General  U Thant  to 
implement  the  President’s  commitment. 

Dining .November  1909,  Dr.  DuBridge  discussed  with  Canadian  representatives  the 
basis  of  their  collaboration  with  the  United  States  in  the  earth  resources  satellite  program. 

Dr.  Paine’s  support  for  the  program  as  a major  high  payof  f component  of  our  space 
effoit  was  publicly  stated  on  a National  TV  appearance  within  the  past  ten  days. 

I he  FROS-KRIS  program  has  exceptionally  strong  support  within  the  Congress. 
Interior  1970  budget  proposals  were  not  only  approved  but  increased.  The  House 
Committee  on  Science  and  Astronautics  terms  the  program  . . perhaps  the  best  possible 
oppoi  (unity  to  achieve  tangible  economic  returns  from  the  substantial  investment  already 
made  by  the  American  taxpayer  in  the  U.S.  space  program.”  The  Committee  has  been  vig- 
orous in  its  advocacy  of  the  earth  resources  concept  and  has  urged  expedited  action  on 
the  KROS-KRTS  programs. 

I Ik-  program  has  attracted  widespread  professional,  public,  industrial,  .scientific,  and 
academic  interest  throughout  the  Nation  and  the  World. 

The  abrupt  change  in  Administration  policy  proposed  by  [the  Bureau  of  the  Budget] 
cannot  help  hut  become  a major  embarrassment  to  the  Administration.  The  Budget 
Bureau  has  advanced  no  adequate  rationale  in  support  of  its  action.  Accordingly  there  is 
no  basis  for  its  defense  by  myself  and  my  staff  before  the  Congress  or  the  public. 

I understand  funds  for  the  NASA  KRTS  program  were  cut  because  [the  Bureau  of  the 
Budget | claimed  the  resolution  capability  of  the  proposed  system  did  not  meet  needs  of 
the  use  [ r J agent  ies.  Ibis  is  not  the  case.  Dr.  Pecora  and  other  user  agency  authorities 
wrote  NASA  c larifying  this  point  and  1 believe  these  letters  have  been  furnished  to  your 
examining  staff.  We  support  the  tec  hnical  discussion  provided  by  NASA  in  defense  of  the 
F.RfS  program.  The  questions  posed  in  the  Interior  “passback”  have  been  previously 
answered  by  the  numerous  independent  appraisals  of  the  earth  resources  concept  and 
program  and  the  Issue  Papers  provided  by  this  Department  in  prior  years. 

The  course  of  action  proposed  by  the  Bureau  of  the  Budget  affects  our  ‘70  program 
as  well  as  our  1971  budget.  For  this  reason  a decision  must  be  made  as  soon  as  possible. 
If,  after  consideration  of  this  appeal,  you  are  still  unable  to  recommend  that  the  program 
proceed  as  planned,  1 propose  that  the  issue  should  be  discussed  by  myself  and 
Administrator  Paine  with  the  President  at  his  earliest  convenience. 

Document  11-22 

Document  title:  Robert  P.  Mayo,  Director,  Bureau  of  the  Budget,  to  Honorable  Walter  J.  Hickel, 
Secretary  of  the  Interior,  April  14,  1970,  with  attached:  “Statement  for  Senator  Munch.” 

Source:  Record  Group  51,  Records  of  the  Office  of  Management  and  Budget,  Federal 
Records  Center,  Suitland,  Maryland. 

Although  the  Bureau  of  the  Budget  wanted  to  block  spending  on  an  Earth  resources  survey  system, 
NASA  and  (he  Defmrtment  of  the  Interior  maintained  moderate  program  support  through  congres- 
sional pressure  as  well  as  through  direct  appeals  to  the  president,  NASA  was  given  the  go-ahead  to  work 
on  two  experimental  satellites,  while  the  U.S,  Geological  Survey  in  the  Department  of  the  Interior  would 
build  a dalaf processing  facility  in  Sioux  Falls,  South  Dakota , but  only  if  the  satellites' performance 
demonstrated  the  need  for  it.  The  latter  development  was  made  possible  with  the  intervention  of  South 
Dakota  Senator  Karl  Mundi,  who  lobbied  strenuously  for  ERTS  funding  in  the  Department  of  the 
Interior  after  Sioux  halls  was  designated  as  the  preferred  location  for  the  data-processing  facility. 
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APR  14,  1970 


Honorable  Walter  J.  Hickel 
Secretary  of  the  Interior 
Washington,  D.C. 


Dear  Wally: 


I am  concerned  that  you  and  your  staf  f led  that  you  have  experienced  embarrassment 
in  justifying  the  Administration’s  position  on  the  EROS  program.  1 want  to  reassure  you 
that  the  President  and  the  Bureau  carefully  reviewed  this  program  and  we  believe  that  the 
approach  developed  is  a realistic  one  for  the  development  of  this  new  technology. 

In  our  informal  communications  to  your  staff  on  the  FY  1071  allowances,  and  also  m 
material  prepared  lor  your  review  with  the  President  on  the  FY  1971  budget,  the  rationale 
for  this  approach  was  explained.  We  note  from  your  congressional  justifications  for  the  FY 
1971  budget  that  you  have  supported  the  Administration’s  decision  on  this  ptogtam  In 
emphasizing  the  fact  that  the  program  is  still  experimental  and  that  no  substantial  invest- 
ments will  he  made  now  lor  facilities  and  equipment  which  would  he  needed  for  a possi- 
ble follow-up  operational  system.  We  hope  that  this  letter  will  further  clarify  the 
Administration’s  position  and  be  helpful  to  you  in  any  necessary  strengthening  of  your 
presentation  to  Congress.  It  is  important  for  all  of  us  that  the  interested  members  in 
Congress  clearly  understand  the  Administration's  position. 

This  Administration  is  placing  high  priority  on  the  development  of  practical  apphe  a- 
tions  of  space  technology.  Surveying  earth  resources  is  one  of  the  applications  which 
appears  to  be  potentially  productive.  In  an  effort  to  explore  this  potential,  the  Nationa 
Aeronautics  and  Space  Administration  is  seeking  authorization  from  ( iongress  to  proceed 
with  the  development  of  two  experimental  Earth  Resources  I cell  oology  Satellites. 
However,  the  space  program  of  the  Seventies  will  not  be  characterized  by  the  pursuit  of  a 
single  goal.  We  are  attempting  to  develop  a space  program  with  a balanced  emphasis  on 
exploration,  science  and  applications. 

We  recognize  that  the  FY’  1971  budget  allowance  for  the  EROS  program  is  somewhat 
smaller  than  your  request.  In  our  judgment,  a constructive  program  of  preparation  for 
useful  application  of  KRI  S data  can  be  developed  within  the  resources  provided.  1 am 
sure  that  you  are  aware  12 1 that  NASA’s  request  was  also  reduced.  While  an  increase  has 
been  allowed  for  actual  satellite  development,  the  NASA  budget  does  not  provide  for 
increases  requested  For  other  parts  of  their  eaith  iesouit.es  pio^ram. 

We  must  emphasize  that  this  program  is  an  experimental  effort.  We  do  not  believe 
that  it  is  prudent  to  invest  substantial  resources  at  this  time  in  preparing  for  an  opera- 
tional system  c apable  of  analysis  of  all  F.RTS  data.  Present  funding  f or  NASA  will  locus  on 
satellite  development  while  Interior  and  Agriculture  will  concentrate  on  continued 
research  relating  to  potential  applications  of  ERTS  data  and  preparation  for  use  of  the 


data  once  it  becomes  available. 

The  Administration  does  not  want  to  move  beyond  the  experimental  phase  ot  this 
program  until  we  are  confident  that  the  benefits  of  the  program  are  more  than  the  expect- 
ed costs.  Moreover,  the  evidence  is  unclear  as  to  the  technological  capability  ol  F.RTS  to 
provide  pictures  with  sufficient  resolution  to  give  the  payoff  c laimed  in  some  studies  that 
have  been  undertaken  thus  far.  Until  we  have  greater  assurances  on  these  points,  the 
financial  commitment  to  the  programs  should  remain  at  a minimum  level. 

We  have  previously  furnished  to  vour  staf  f a copy  of  the  enclosed  statement  which  was 
supplied  to  Senator  Mundt’s  office.  The  statement  outlines  the  Administration’s  position 
with  respect  to  loc  ation  and  construc  tion  of  facilities. 
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I know  that  you  and  your  staff  recognize  that  the  need  for  fiscal  restraint  requires 
selectivity  and  great  care  in  our  commitment  to  claims  on  our  limited  future  budget 
resources.  I appreciate  the  continuing  support  you  are  giving  to  the  President’s  program. 
If  you  desire  to  discuss  this  matter  further  I and  my  staff  will  make  arrangements. 

Sincerely, 

Robert  P Mayo 
Director 

Enclosure 
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Statement  for  Senator  Mundt 

In  1972,  the  National  Aeronautics  and  Space  Administration  plans  to  launch  two 
experimental  satellites  designed  to  conduct  experiments  in  the  survey  of  agricultural  and 
geological  resources  through  the  use  of  remote  sensors  on  the  spacecraft.  If  these  exper- 
iments are  successful,  this  program  may  have  considerable  potential  for  future  applica- 
tions in  the  survey  of  earth  resources. 

A review  of  the  facility  requirements  for  the  Government’s  earth  resources  survey  pro- 
grams has  indicated  that  Sioux  Falls,  South  Dakota,  will  [on  the  original,  there  is  an  edit- 
ed portion  where  the*  word  “will”  has  been  crossed  out  and  replaced  with  the  word 
‘would”]  be  a desirable  geographic  location  for  a data  processing  and  distribution  facili- 
ty for  this  program. 

I he  Administration  will  propose  initial  funding  to  be  used  for  site  selection  and 
design  of  the  proposed  facility.  The  Sioux  Falls  earth  resources  data  processing  and  dis- 
tribution facility  would  be  designed  to  process  data  from  later  satellites  if  the  initial  exper- 
iments are  successful.  For  the  initial  Fai  th  Resources  Technolog)' Satellites  (ERTS),  NASA 
will  supply  data  to  interested  governmental  and  private  organizations.  Actual  facility  con- 
struction at  Sioux  Falls  will  depend  on  the  results  of  the  experimental  satellites. 

The  city  of  Sioux  Falls  has  agreed  to  supply  the  land  and  construct  the  building  under 
a leasing  agreement  with  the  Government  agencies  involved  if  the  ERTS  satellite  experi- 
ments prove  promising.  The  facility  will  be  designed  to  meet  the  specifications  of  the 
Government  agencies  involved  so  as  to  serve  the  data  reduction  and  analysis  requirements 
of  private*  and  Government  organizations  which  contemplate  the  use  of  the  earth 
resources  survey  data.  Future  management  arrangements  for  the  Sioux  Falls  facility  will 
be  developed  by  the  Federal  agencies  currently  involved  in  this  experimental  program. 

Document  11-23 

Document  title:  Arnold  W.  Frutkin,  Memorandum  to  Dr.  Fletcher,  Administrator,  NASA, 
et  a/.,  “Some  Recent  International  Reactions  to  ERTS-1,”  December  22,  1972. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 
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One  persuasive  argument  for  treating  an  orbital  Earth  resources  survey  system  was  that  this  system 
would  provide  significant  benefits  to  third-world  nations  in  areas  such  as  accurate  mapping  and 
resource  location.  NASA  was  suitably  pleased , therefore,  with  favorable  international  responses  to 
these  types  of  data  from  the  first  ERTS  satellite. 


[ 1 1 NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 

WASHINGTON,  D C.  20546 


DEC  22,  1072 


MEMORANDUM  TO  A/Dr.  Fletc  her 
AD/ Dr.  Low 
AA/Dr.  Newell 
ADA/Mr.  Shapley 
E/Mr.  Mathews 

SUBJECT:  Some  Recent  International  Reactions  to  ERTS-1 

We  are  listing  below  a lew  of  the  early  foreign  reactions  to  ERTS-1  on  the  basis  that 
they  may  be  of  some  interest. 

a.  Thailand:  “The  best  of  the  (ERTS)  scenes  received  are  excellent;  they  appear  to 
demonstrate  clearly  that  our  decision  to  participate  in  the  ERTS  programme  from  its 
inception  was  wise,  and  that  there  is  much  to  be  learned  and  much  work  to  be  done  in 
order  to  exploit  the  new  technology'  fully.  . (from  November  23,  1972  letter  to  NASA 
from  Dr.  Pradislh  Chesosakul,  Secretary  General,  Thai  National  Research  Council). 

b.  Mali:  “The  Malians  expressed  warm  appreciation  for  the  opportunity  to  partici- 

pate in  the  ERTS  and  Skylab  programs.  Minister  of  Industrial  Development  N’Daw  was 
particularly  pleased  with  the  information  already  being  derived  from  ERTS  imagery. 
Schweitzer  (US/ AID)  observed  that  the  Malians  take  a very  practical  attitude  toward 
ERTS  results,  which  they  already  are  beginning  to  utilize  to  make  maps  of  remote  areas, 
for  guiding  water  exploration  efforts  and  for  deciding  routing  of  new  roads.  They  have 
quickly  recognized  tlu*  experimental  nature  of  the  ERTS  project  and  are  proud  to  be  par- 
ticipating in  this  pioneering  effort The  ERTS  project  is  a wonderf  ul  example  of  how 

the  world’s  most  advanced  country  can  cooperate'  with  the  poorest  to  our  mutual  benefit. 
For  two  air  tickets  (AID  purchased  airline  tickets  for  the  Malian  Principal  Investigator), 
the  U.S.  Government  has  gained  a million  dollars  worth  of  Malian  political  mileage.  This 
is  an  exciting  project  which  should  have  increasingly  important  benefits  for  Mali  and 
should  also  be  applicable  to  other  [2]  developing  countries.  It  deserves  every  bit  of  sup- 
port we  can  give  it,  now  and  in  the  follow-up  period."  (November  17,  1972  State 
Department  telegram  from  the  U.S.  Embassy,  Bamako,  Mali.) 

c.  Canada:  “I  have  just  seen  the  ERTS  imagery  for  the  first  time  and  I wish  to  con- 
gratulate NASA  on  this  fine  achievement.  We  consider  it  an  important  breakthrough  in 
providing  data  for  the  understanding  of  our  environment.  I would  also  like  to  express  our 
appreciation  for  having  an  opportunity  to  participate  in  this  experiment.”  (August  2 
telegram  to  Dr.  Fletcher  from  Mr.  Jack  Austin,  Deputy  Minister  of  Energy,  Mines  and 
Resources,  Government  of  Canada.) 

d.  Brazil:  Dr.  Fernando  de  Mendonca,  the  Director-General  of  the  Brazilian  Space 
Agency,  reported  at  the  IAF  on  a wide  range  of  valuable  information  provided  by  ERTS-1 
in  an  experiment  relating  to  mapping  of  the  Amazon  system.  He  has  summarized  the  first 
preliminary  findings  in  a letter  to  NASA.  The  following  excerpts  are  of  relevance  for  illus- 
trating the  value  of  ERTS-1 : 
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“I.  The  course  of  the  tributaries  of  the  Amazon  River  are  very  different  from  the 
ones  shown  in  the  most  recent  available  charts.  The  difference  in  position  is  sometimes 
of  f by  20  km  or  more  and  the  difference  in  direction  is  sometimes  off  by  90  degrees. 

“2.  Islands  with  more  than  200  km^  exist  which  are  not  shown  on  maps. 

*“L  Some  lagoons  which  are  shown  on  maps  as  20  km  long  are  in  reality  more 
than  1 00  km  long. 

“4.  Small  villages  and  towns  are  located  wrongly  on  the  maps  by  several  tens  of 
kilometers. 

“5.  The  drainage  systems  of  some  areas  are  entirely  wrong  and  this  has  caused 
among  other  things,  the  construction  of  roads  (Manaus  - Porto  Velho  for  instance)  with 
extra  expenditures  for  bridges.  In  fact,  the  mentioned  road  is  placed  wrongly  (by  more 
than  20  km)  in  recent  maps  (1971). 

[3)  “6.  Large  unsuspected  geological  features  have  been  detected,  which  might  pro- 

vide new  insights  into  the-  formation  of  the  basin. 

“7.  Large  abandoned  river  meanders  are  shown  which  were  not  present  in  exist- 
ing maps. 

“8.  Kven  with  high  percentage  (75%)  of  cloud  coverage  in  some  images  one  can 
still  make  good  use  of  the  obtained  information  for  correcting  maps. 

“9.  Unmapped  lineaments  and  fractures  have  been  discovered. 

“10.  The  entire  Amazonian  region  was  covered  last  year  with  a Side  Looking 
Airborne  Radar  (SIAR).  The  completed  controlled  photo-mosaics  will  not  be  ready  for  at 
least  another  year.  Over  150  people  are  working  on  the  SIAR  project  which  has  cost  Brazil 
about  20  million  dollars.  Since  the  region  is  rather  flat  the  ERTS-1  MSS  channel  6 pro- 
vides prac  tically  the  same  information  as  the  SLAR  imagery.  If  one  considers  the  other 
MSS  channels,  then  one  has  substantially  more  information  from  KRIS  than  the  SIAR. 
This  without  mentioning  the'  repeatability  of  ERTS  imagery.  The  cost  of  ERTS  imagery 
per  square  kilometer  is  about  two  orders  of  magnitude  less  than  the  SIAR  if  the  satellite 
operates  for  the  expected  lifetime  of  one  year.” 

e.  FAC)  (Food  and  Agriculture  Organization  of  the  United  Nations):  “NASA  deserves 
FAQ’s  compliments  on  a successful  launching  of  the  satellite  which  will  remotely  sense 
earth  resources  for  the  benefit  of  mankind  for  the  first  time.’'  (letter  of  August  3 to  NASA 
from  Mr.  Juan  Yriart,  Assistant  Director-General,  Development  Department,  FAO.) 

L Iran:  “We  have  located  several  lakes  which  do  not  appear  on  the  Watershed  Map 
of  Iran.  This  phenomenon  is  presumably  due  to  this  year’s  relatively  abundant  rainfall.  . . . 
In  the  extreme  southeast  part  of  Iran  (near  the  Pakistan  border)  several  igneous  bodies 
have  be  en  observed  which  do  not  figure  on  the  . . . geological  map  of  Iran By  com- 

paring images  taken  from  the-  extreme  southeast  part  of  the  Caspian  Sea  with  a map  of  the 
region  prepared  in  1945,  it  is  quite  noticeable  that  the  shape  of  the  [4]  Bandar  Shah 
peninsula  has  c hanged.  This  is  possibly  due  to  lowering  of  the  Caspian  Sea  by  evaporation 
which  exc  eeds  the  inflow  of  stream  waters.  (November  12  letter  to  NASA  from  the  Iranian 
Principal  Investigator.) 

g.  United  Nations  Secretariat:  “ll  also  gives  me  great  pleasure  at  this  time  to  extend 
my  congratulations  to  you  on  the  suc  cessful  orbiting  of  this  the  first  dedicated  earth  sur- 
veying satellite.  It  is  a cause  of  particular  satisfaction  to  us  here  at  the  UN  that  NASA  and 
the  other  United  Slates  agencies  involved  in  the  programme  have,  by  their  imaginative 
approach,  laid  a sound  basis  for  the  international  cooperation  which  will  be  such  a fun- 
damental requirement  in  order  that  this  new  application  of  space  technology  may  serve, 
as  we  all  hope,  for  the*  benefit  of  all  mankind.”  (July  28  letter  to  NASA  from  A. II.  Abdel- 
C.hani,  Chief,  Outer  Space  Affairs  Division,  UN.) 

h.  Kgypt:  (Meguid)  called  ERTS  a “significant  technical  achievement”  in  the  UN 
General  Assembly’s  First  Committee  during  the  week  of  October  30,  1972. 
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i.  ( ihana:  (Boa ten)  commended  the  Food  and  Agricultural  Organization  in  coop- 
eration with  NASA  for  applying  space  technolog)'  to  problems  of  desert  locusts  and  food 
in  Africa,  Asia  and  Latin  America  in  the  same  meeting. 

j.  The  All-African  Seminar  held  in  Addis  Ababa  in  August  1971  made  a recommen- 
dation on  the  inventorying  of  natural  resources  reading  in  part  as  follows: 


“Recommends: 

- that  a complete  inventory  of  natural  resources,  such  as  water,  soils,  vegetation, 
wild  life,  be  undertaken  everywhere  in  Africa,  and  that  particular  attention  be 
given  to  this  recommendation  at  both  national  and  regional  levels; 

- that  the  most  modern  techniques  be  used  to  achieve  this  aim,  such  as  remote 
sensing  through  satellites;  in  particular  noting  that  the  two  earth  resources  tech- 
nology satellites  will  be  launched  in  1972  and  1973.” 

| hand-signed:  “AWF”] 

Arnold  W.  Frutkin 


Document  11-24 

Document  title:  James  V.  Zimmerman  for  Arnold  W.  Frutkin,  Assistant  Administrator  for 
International  Affairs,  to  Dr.  John  V.N.  Granger,  Acting  Director,  Bureau  of  International 
Scientific  and  Technological  Affairs,  Department  of  State,  September  12,  1974,  with 
attached:  “Foreign  Policy  Issues  Regarding  Earth  Resource  Surveying  by  Satellite:  A Report 
of  the  Secretary’s  Advisory  Committee  on  Science  and  Foreign  Affairs,”  July  24,  1974. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

Potential  benefits  to  developing  nations  had  been  a key  component  in  the  NASA  campaign  to  obtain 
the  Nixon  administration's  approval  for  an  Earth  resources  survey  system  satellite.  However;  a num- 
ber of  nations  objected  to  having  little  control  over  the  dissemination  of  satellite  information  pothered 
about  their  (ountiy.  NASA  proceeded  with  FIT1S  without  a formal  international  regime,  basing  its 
position  on  a broad  interpretation  of  the  previously  established  “ often  skies  " doctrine.  The  Advisor  y 
(committee  on  Science  and  Foreign  Affairs  of  the  Secretary  of  State  suggested  in  its  fuly  1974  refmrt 
that  additional  l IS.  action  was  required  to  avoid  conflicts , particularly  at  the  United  Nations,  over 
l .S.  remote-sensing  activities.  NASA  s response  argued  that  the  space  a gen  ry  had  anticipated  and 
was  effectively  addressing  any  foreign  policy  repercussions  of  the  FITES  program. 


[ no  pagination  | 

REPLY  TO 
AIT  N OF  I/PP 

Dr.  John  V.N.  Granger 
Acting  Director 

Bureau  of  lnternational  Scientific 
and  Technological  Affairs 
Department  of  State 
Washington,  I)C  20520 
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Drai  John: 

I his  is  in  response  to  Herman  Pollack’s  letter  to  Dr.  Fletc  her  of  August  2.  197-1  for- 
warding the  remote  sensing  policy  report  prepared  hy  the-  State  Department’s  Advisory 
.otnnntlee  on  Science-  and  Foreign  Affairs.  The  report,  in  our  judgment,  is  a welcome 
contribution  to  the  on-going  discussions  of  policy  alternatives  in  this  important  area  of 
spat  e <u  tivity.  I here  are,  however,  a number  of  points  arising  out  of  the  report  which  we 
sl,RK<'sl  brought  to  the  attention  of  the  Advisory  Committee. 

2 1,10  Advisory  Committee’s  assumption  that  the  cost  and  technical  sophisti- 

cation of  the  appropriate  data  analysis  is  generally  beyond  the  teac  h of  developing  coun- 
tries does  not  accord  with  our  developing  country  experiences.  In  effect,  through  one 
device  or  another  (U.S.  or  other  aid),  use  of  the  data  is  iu  fac  t being  made.  VVe  estimate, 
for  example,  that  19  African  countries  are  directly  or  indirectly  involved  with  the-  analysis 
of  earth  solu  t es  imagery  of  their  territory. 

Page  If  and  .17— We  suggest  the  report  reflect  a distinction  between  F.RS  data  them- 
selves, which  the  U.S.  makes  freely  available,  and  analyses  of  these  data,  which  could  be- 
held proprietary  as  desired.  This  distinction  could  apply  to  all  potential  F.RS  data  users— 
governmental  and  private,  domestic  and  foreign. 

Page  5— It  is  important  to  note  that  Article  1 of  the  1 967  Outer  Space  Treaty  provides 
that  oute  r space  shall  be  free  for  exploration  and  use  by  all  States  without  discrimination 
of  any  kind.  I he  “open  skies”  principle,  therefore,  can  be  considered  a “cornerstone”  of 
international  as  well  as  U.S.  policy;  no  further  international  political  commitment  (dis- 
cussed  on  page  1)  is  necessary. 

Page  6 -In  view  of  die  overall  developments  at  the  February-March  1974  IJ.N. 
Remote  Sensing  Working  Group  meetings,  as  well  as  the  recent  positions  taken  at  the  U.N. 
by  the  representatives  of  Canada  and  Sweden,  we  find  it  difficult  to  draw  the  conclusion 
than  here  is  increased  advocacy  in  the  U.N.  of  restrictions  on  either  the  acquisition  or  dis- 
semination of  ERS  data.  Such  advocacy  continues  to  have  a very  narrow  base  (the  USSR 
and  France  plus  Argentina,  Brazil  and  Mexico). 

Pages  14  and  1 6 VVe  believe  the  most  effective  means  of  enhancing  international 
participation  in  U.S.  earth  resources  programs  and  acceptance  of  the  “open  skies”  con- 
cept is  through  the  establishment  of  additional  foreign  ERTS  data  acquisition  ground  sta- 
tions. To  date  such  facilities  have  been  established  in  Canada  and  Brazil.  This  spring  an 
agreement  providing  for  a similar  facility  was  signed  with  Italy.  Discussions  are  currently 
underway  with  a number  of  countries  including  Iran,  Venezuela  and  the  Federal  Republic 
of  Germany.  Foreign  governmental  agencies  establishing  a ground  station  sign  a memo- 
randum of  understanding  with  NASA  which  includes  an  open  data  dissemination  provi- 
sion; they  are,  in  effect,  ratifying  the  “open  skies”  principle. 

Page  1 6 The  Advisory  Committee  should  know  that  a U.S.  offer  to  provide  (sell)  to 
an  agiccd  international  distribution  center  a master  copy  of  all  ERTS  imagery  was  made 
t<>  the  U.N.  in  January  1973.  We  understand  that  the  FAO  is  currently  studying  the  feasi- 
bility of  establishing  a world-wide  ERS  data  storage,  processing  and  dissemination  center 
which  could  utilize  the  U.S.-offered  imagery. 

VVe  hope  the  above  comments  prove  useful  and  would  welcome  the  opportunity  to  fur- 
ther  discuss  NASA’s  remote  sensing  activities  with  members  of  the  Advisory  Committee. 

Sincerely, 

IJames  V.  Zimmerman  | 


[for | Arnold  W.  Erutkin 
Assistant  Administrator 

for  International  Affairs 


cc:  Dr.  James  C.  Fletc  her 
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[,1  July  24,  1974 

Foreign  Policy  Issues  Regarding 
Earth  Resource  Surveying  by  Satellite 

A Report  of  the  Secretary’s  Advisory 
Committee  on  Science  and  Foreign  Affairs 

Summary 

This  report  considers  the  options  for  U.S.  foreign  policy  regarding  the  acquisition 
and  dissemination  of  earth  resource  surveying  data  obtained  from  satellites  (KRS). 
Foreign  policy  issues  have  arisen  primarily  in  the  course  of  debate  in  the  Outei  Spate 
Committee  of  the  UN0.A,  where  the  Brazilians,  Soviets,  French  and  others  have  intro- 
duced “principles”  which  would  limit  State’s  rights  to  acquire  FRS  data  front  space  or  to 
disseminate  such  data  without  the  prior  assent  of  the  countries  affected.  While  FK1  VI 
experiments  have  been  accepted  under  the  principle  of  freedom  for  unrestricted  space 
observations,  often  called  “Open  Skies,”  there  is  no  international  political  commitment  to 

“Open  Skies”  in  the  context  of  “operational”  ERS  systems. 

For  a variety  of  reasons,  including  national  security,  the  U.S.  (with  the  tacit  support  of 
the  USSR)  has  insisted  on  the  unencumbered  right  to  acquire  data  from  space.  This  pos- 

tine  must  he  maintained.  . , 

The  present  paper  deals  with  appropriate  future  directions  for  the  ERS  program,  and 
in  particular  with  the  policy  of  dissemination  of  F.RS  data.  The  authors  point  out  that 
1 21  experience  with  F.RTS-1  and  Skylab  have  indicated  that  space  technology  has  great 
promise  for  generating  useful  data  bearing  on  agriculture,  forestry,  fisheries,  the  location 
of  natural  resources,  land  use  planning  and  in  many  other  areas.  However,  experience  to 
date  is  wholly  inadequate  to  establish  the  economic  value  of  these  data  or  the  cost-bene- 
fit character  of  its  space  acquisition  as  compared  with  other  means.  Extensive  fmthet 
experimentation  is  required  to  develop  techniques  for  the  interpretation  and  analysis  of 
FRS  data  and  for  optimally  combining  that  with  data  from  other  sources  before  its  eco- 
nomic potential  can  be  reliably  assessed.  The  cost  and  technical  sophistication  of  the 
appropriate  data  analysis,  at  this  point,  is  generally  beyond  the  reach  of  individual  devel- 
oping  countries.  Cooperative  projects  with  TOC’s  could  he  important  elements  in  U.S. 
strategy'  to  develop  for  the  needed  applications  of  R&D  that  are  the  pacing  elements  in 
future  progress.  Eventually  a viable  commercial  activity  in  data  analysis  may  mature. 

With  respect  to  the  policy  issues,  the  authors  cite  three  U.S.  alternatives  with  regard 
to  data  acquisition  and  dissemination: 

- assertion  of  unilateral  rights; 

_ negotiation  of  internationally  acceptable  principles,  of  fering  technical  coopera- 
tion and  assistance  as  an  incentive;  and 
[3]  _ abandonment  of  an  open  program  and  reliance  on  c lassified  data. 

The  authors  conclude  that  the  further  work  necessary  to  establishing  the  economic 
utility  of  F.RS  requires  the  cooperation  of  other  nations,  and  U.S.  participation  in  and  tech- 
nical” support  of  their  ef  forts  to  develop  data  analysis  techniques  suited  to  their  situation. 

We  should  continue  to  assert  the  right  to  acquire  and  disseminate  primary  data.  But 
to  encourage  applications  R and  D,  the  [U.S.  government!  should  lx-  willing  to  permit 
another  country  which  so  requests  to  restrict  joint  research  to  those  applications  the 
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results  oi  which  they  are  willing  to  publish.  Thus  NASA  and  other  agencies  would  contin- 
ue the  policy  of  full  disclosures  of  both  primary  and  secondary  data  in  which  the  [U.S. 
government]  is  involved,  but  we  would  respect  the  right  of  another  country  to  obtain  the 
primary  data  tape  or  read  the  satellite  directly  if  for  our  own  purposes  we  energize  it  over 
their  territory,  and  make  what  use  of  the  data  they  will. 

U.S.  policy  must  therefore  focus  on  the  distinction  between  primary  data,  and  infor- 
mation available  after  processing.  Policy  should  be  directed  to  obtaining  international 
acceptance  of  freedom  of  acquisition  and  freedom  of  dissemination  of  primary  data  tapes 
if  the  potential  benefits  [4]  of  this  technology  are  to  be  realized.  The  strategy  for  advanc- 
ing these  goals  should  be  based  on  recognition  that  ERS  should  not  be  prematurely 
described  as  operational  ’ and  in  no  event  unless  and  until  international  acceptance  of  its 
potential  benefits  is  obtained. 

[5]  Introduction 

For  more  than  a decade  international  acceptance  of  “Open  Skies” — the  right  of  any 
country  to  examine  the  earth  from  outer  space  without  prior  restraint — has  been  a cor- 
nerstone of  U.S.  space  policy  and  should  be  continued.  A number  of  factors  reinforce  the 
importance  of  retaining  this  f reedom: 

(a)  SALT  agreements  force  increasing  reliance  on  national  technical  means  of 
verification. 

(b)  Growing  interest  in  the  possibility  that  Earth  Resources  Satellites  (ERS)  might 
provide  economic  benefits  in  the  future  makes  the  continued  viability  of  Open  Skies  of 
special  interest.  Since  foreign  customers  for  satellite  data  analysis  must  find  the  initial 
acquisition  of  data  acceptable,  either  Open  Skies  policy  must  he  maintained  or  else  agree- 
ments or  same  form  of  internationalization  of  the  space  segment  may  be  required. 

(c)  Many  new  space  technologies  will  have  to  call  for  some  observations  from  space. 
Restriction  on  open  observations  will  create  barriers  to  effective  operation. 

Open  Skies  is  the  preferred  alternative,  since  it  is  necessary  to  sustain  the  legitima- 
cy of  i emote  sensing  for  national  security  purposes.  In  addition,  it  provides  the  minimum 
impediment  to  the  development  of  ERS  as  a potential  economic  asset. 

1 6]  While  ERIS-I  has  been  accepted  under  the  Open  Skies  principle,  there  is  no  inter- 
national political  commitment  to  Open  Skies  in  the  context  of  “operational"  systems. 
However,  as  advocates  of  ERS  become  more  vocal  with  the  view  that  “operational"  systems 
are  economically  viable,  there  is  increased  advocacy  in  the  U.N.  of  restrictions  on  the 
acquisition  and  dissemination  of  ERS  data  and  in  the  [U.S.  government]  on  the  possible 
value  of  restrictions  on  ERS  data  in  order  to  capture  more  of  the  economic  benefits. 

I he  policy  question  requiring  resolution  is:  What  posture  toward  acquisition  and  dis- 
semination of  ERS  data  is  optimal  today  in  the  light  of  the  present  stale  of  evolution  of 
ERS  experience? 

I lu*  answer  depends  substantially  on  an  evaluation  of  that  state  of  evolution  and  an 
analysis  of  the  requirement  to  bring  the  ERS  program  to  economic  viability. 

Experience  with  ERTS-1 

A little1  over  one  year  of  experience  with  ERTS-1,  plus  some  data  from  manned  space 
flight  programs  and  considerable  commercial  experience  with  airborne  photography, 
have  established  both  politically  and  commercially  motivated  interest  in  civil  applications 
of  remote  sensing.  From  a technical  point  of  view,  the  capability  for  image  acquisition  is 
well  advanced  and  the  potential  for  improvement  established  by  very  expensive  national 
security  programs. 
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[7]  The  spatial  resolution  achieved  with  multi-spectral  scanning  sensor  in  ERTS-1  is  ade- 
quate to  produce  raw  imagery  that  suggests  a wide  range  of  commercial/civil  applications. 

It  is  not  the  case,  however,  that  ERTS-1  and  Skylab/ Apollo  experiments  have  given  us  the 
experience  to  permit  the  design  of  a remote  sensing  satellite  appropriate  to  an  economi- 
cally viable,  operational  system.  This  is  so  primarily  because  of  inadequate  experience  with 
application-specific  image  processing  and  interpretation.  But  even  the  space  segment  is  in 
an  early  stage  of  development. 

KRTS-1  is  deficient  in  resolution  lor  applications  such  as  land  use  planning. 
Frequency  of  observation  of  a given  point  is  not  sufficient  given  the  random  interruption 
of  cloud  cover,  tor  time-dependent  problems  in  flood  control,  agricultural  monitoring, 
iceberg  tracking,  etc.  As  a result,  turnaround  time  between  observation  and  analysis  is  too 
long  for  many  purposes.  Although  technology  exists  to  remedy  these  deficiencies,  we  do 
not  have  enough  systems  experience,  with  both  satellite  configurations  and  image  data 
processing  and  analysis,  to  make  the  tradeoffs  between  these  functional  attributes  and  sys- 
tems costs. 

One  must  remember  that  ERS  applications  are  in  their  infancy.  Although  the  techni- 
cal capability  to  acquire  images,  generate  geometric  and  radiometric  corrections,  and 
extract  information  by  image  enhancement  have  been  [8]  demonstrated,  the  majority  of 
applications  research  projects  to  date  involve  manual  (visual)  processing  of  primary 
images.  These  images  are  available  several  weeks  after  data  acquisition. 

A fully  operational  system  would  have  to  provide  digital  primary  imagery  to  widely  dis- 
persed customers  in  approximately  real  time.  This  primary  imagery  is  only  the  first  step. 
The  ground-based  image  filtering  and  contrast  adjustment,  information  extraction  and 
interpretation  impose  heavy  data  processing  requirements.  Correlation  with  ground  truth 
data  and  final  interpretation  are  tasks  requiring  very  high  levels  [of]  professional  exper- 
tise, and  extensive  experience  with  end-use  problems,  institutions  and  customs.  Since 
these  interpretation  services  are  the  key  to  obtaining  the  benefits  from  remote  sensing 
technology  [, | decisions  on  the  major  international  political  issues  and  on  the  character  of 
the  follow-on  space  projects  must  be  made  with  the  desired  institutional  structure  for  the 
service  delivery  system  clearly  in  mind. 

The  first  step  is  the  study  of  the  economics  with  a view  to  evaluating  the  commercial 
potential  for  developing  the  services.  At  this  time  the  institutional  structure  for  exploiting 
an  operational  remote  sensing  system  does  not  exist.  A few  commercial  companies  with 
substantial  support  from  government  R&D  contracts  are  hoping  to  create  a service  busi- 
ness out  of  proprietary  satellite  photo  interpretation.  Several  not-for-profits  are  develop- 
ing experience,  also  on  government  contracts. 

[cjj  it  would  appear  that  the  conditions  required  to  make  information  services  based  on 
remote  sensing  technology  economically  viable  call  for: 

(a)  Realistic  evaluation  of  the  total  costs  of  processing,  interpreting  and  marketing 
information  as  well  as  its  initial  acquisition.  On  a per-image  basis,  the  space  segment  of 
the  system  may  prove  the  least  expensive. 

(b)  Identification  oi  applications  with  very  high  economic  leverage  for  which  remote 
sensing  from  space  is  more  economical  than  ground  or  airborne  observation  and  for 
which  a market  can  be  aggregated. 

(c)  Determining  the  extent  to  which  the  economic  leverage  depends  on  exclusivity 
of  access  to  either  the  raw  data  or  to  the  processed  and  interpreted  data  in  order  to  per- 
mit a proprietary  advantage, 

(d)  Definition  of  [U.S.  government]  policies  affecting  the  applications  system  eco- 
nomics— as  well  as  international  issues— and  the  establishment  of  the  point  of  responsi- 
bility in  the  [ITS.  government]. 
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(e)  Definition  of  the  optimum  satellite  system  with  respect  to  economic  and  other 
considerations. 

The  [Office  of  Management  and  Budget  ] sponsored  studies  now  under  way  may  shed 
some  light  on  those  matters.  However,  the  level  of  development  of  application  services  is 
so  rudimentary  at  this  time  that  much  reliance  will  have  to  be  placed  on  judgment — based 
on  experience  with  similar  new  technologies. 

1 1 0 1 ERS  Applications 

It  seems  likely  that  ERS  applications  will  have  several  characteristics: 

(a)  Satellite  data  will  usually  have  to  be  combined  with  data  from  many  more  con- 
ventional sources  before  useful,  commercially  saleable  [sic]  results  are  obtained.  Thus  it 
is  unlikely  that  many  applications  will  be  found  that  do  not  require  complex  interfaces 
with  existing  service  organizations — both  in  the  region  under  study  and  in  the  client’s 
community. 

(b)  Exclusivity  of  the  information  product  may  be  achieved  through  the  quality  of 
interpretation  and  amalgamation  with  other  data,  but  exclusivity  based  on  primary 
imagery  requires  either  turning  the  satellite  operation  over  to  a private  monopoly  or  find- 
ing legal  justification  and  an  administrative  mechanism  for  exclusive  licensing  of  imagery 
by  the  government.  In  any  case,  exclusivity  is  a will-o-th e-wisp,  since  alternative  platforms 
exist  for  surveying  most  areas  of  interest,  and  primary  imagery  alone  will  often  prove  inad- 
equate. 

(c)  Some  applications  may  prove  cost  effective  in  the  developing  countries  before 
they  do  in  the  U.S.,  because  ol  deficiencies  in  logistic  and  communications  infrastructure, 
extensive  poorly  studied  areas,  lack  of  institutional  structures  for  ground-based  data  col- 
lection, etc.  (Flood  management  is  an  example.) 

1 1 1 1 (d)  The  most  valuable  applications  are  probably  still  undiscovered,  and  may  depend 
heavily  on  very  sophisticated  automated  image  processing.  In  general,  the  computing 
requirements  would  appear  to  pose  serious  problems  for  developing  countries  and  very 
small  organizations.  A number  of  years  of  subsidized  operations  will  probably  be  required 
before  commercial  incentives  will  produce  the  required  development  investment. 

Policy  Issues 

In  light  of  this  background,  the  policy  issues  requiring  clarification  are: 

(a)  What  is  the  “c  ritical  path”  impeding  progress?  Other  than  the  obvious  necessity 
for  a follow-on  program  to  ERTS-1,  which  is  inadequate  in  resolution,  re-observation  rate, 
and  is  nearing  end  of  useful  life,  it  is  experience  in  information  extraction  and  use  under 
realistic  economic  conditions  that  is  most  needed.  A follow-on  experimental  satellite  is 
well  justified,  and  would  permit  several  years  of  applications  R&D,  without  which  no  viable 
commercial  activity  can  occur.  Thus,  end-user  programs  would  appear  to  deserve  govern- 
ment priority.  The  second  element  in  the  critical  path  is  the  resolution  of  concerns  of  for- 
eign nations  with  respect  to  acquisition  and  dissemination  of  data. 

(b)  Is  there  a relationship  between  the  well  established  acceptability  of  meteorology 
satellites  and  t lit-  viability  of  Open  Skies  for  ERS  systems?  U.S.  policy  in  the  meteorology 
[12]  field  is  firmly  and  necessarily  committed  to  free  international  exchange,  as  well  as 
unilateral  rights  of  observation.  This  is  well  accepted  internationally  because  the  benefits 
to  all  depend  on  information  interchange.  Many  ERS  applications  have  a similar  depen- 
dency on  global  access,  as  well  as  exchange  of  “ground  truth”  data.  If  our  ERS  policy 
move's  away  from  commitments  to  international  cooperation  and  disclosure  of  space  data, 
characteristics  of  most  NASA  programs  to  date,  the  possible  impact  on  the  U.S.  weather 
satellite  program  must  be  clearly  foreseen. 
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(c)  How  can  we  take  best  advantage  of  the  U.S.  lead  in  most  of  the  professional  end- 
user  skills  (oil  exploration,  plant  disease  studies,  airborne  mapping,  etc.)  plus  the  lead  in 
digital  image  processing?  These  assets  may  offer  sufficient  “exclusivity”  to  adequately  pro- 
tect national  economic  self  interest  if  we  move  ahead  to  develop  and  apply  these  skills.  To 
facilitate  this  process,  we  should  make  imagery  generally  available  to  encourage  further 
development  of  both  institutions  and  technology. 

(d)  Should  primary  data  tapes  from  ERS  systems  be  made  fully  available  to  anyone  at 
very  low  cost  by  government,  or  should  the  operating  entity  be  empowered  to  restrict  dis- 
semination, and  offer  exclusive  access  to  economically  motivated  customers?  Which 
approach  would  develop  most  rapidly  the  technology,  institutions,  and  capital  and  market 
structures  to  deliver  useful  services?  The  answer  hinges  on  [ 131  whether  the  work  to  date 
would  justify  private  investment  in  a satellite  and  ground  facility  system,  in  which  case  pro- 
prietary rights  in  primary  data  might  encourage  investment.  In  our  judgment,  the  work 
to  date  would  not  justify  private  investment;  particularly  since  the  character  of  most  appli- 
cations is  such  that  the  benefits  are  not  capturable  [sic]  by  individuals.  When  the  product 
of  an  enterprise  is  an  indivisible  public  good,  then  it  is  certain  that  governments  will  be 
the  primary  customers.  Examples  are:  land-use  planning,  flood  control,  crop  estimation, 
iceberg  tracking,  pollution  monitoring,  etc. 

(e)  What  policy  regarding  acquisition  and  dissemination  of  imagery  over  other  coun- 
tries lias  the  best  chance  of  leading  to  a stable  basis  for  global  access  by  the  U.S.,  maxi- 
mum cooperation  in  the  exchange  of  ground  data,  and  best  opportunities  lor  U.S.  firms 
to  market  services  abroad?  Obvious  alternatives  include: 

( 1 ) Unilateral  assertion  of  satellite  data  acquisition  rights  by  the  U.S.,  coupled  with 
either  an  assertion  of  the  right  not  to  disseminate,  or  a commitment  to  do  so. 

(2)  Proposal  for  an  international  network  (like  Intelsat),  with  the  first  U.S.  oper- 
ational bird  as  the  first  prototype.  This  would  doubtless  produce  serious 
delays.  This  is  also  the  most  aggressive  form  of 'internationalization. 

[14]  (3)  Effort  to  negotiate  international  acceptance  of  “Open  Skies44  without  assert- 

ing the  unilateral  right,  perhaps  with  the  commitment  to  share  primary 
“(Master)”  data  fully  and  an  offer  of  help  to  LDC’s  in  image  processing  and 
interpretation  as  an  incentive. 

(4)  Cancel  the  NASA  program  altogether  and  rely  upon  classified  sources  for 
U.S.  national  requirements. 

(0  What  is  required  to  maintain  the  credibility  of  a unilateral  U.S.  program  in  which 
we  offer  to  disseminate  primary  data  internationally?  If,  occasionally,  data  are  withheld, 
what  will  be  the  political  consequences?  Is  there  any  merit  to  an  extension  of  the  “Master 
Tape”  proposal  to  include  the  production  and  dissemination  of  photographs  from  the 
tape  by  a U.N.  agency,  in  parallel  with  U.S.  government  distribution  domestically?  How 
can  the  U.S.  enhance  the  sense  of  participation  and  equity  of  other  countries  in  the  new 
technology,  as  a foundation  for  viable  international  machinery  in  the  f uture? 

In  an  understandable  desire  to  sustain  or  accelerate  the  public  investment  in  F.RS,  its 
supporters  are  allowing  policy  authorities  to  underestimate  the  technical,  institution  and 
economic  obstacles  to  be  overcome  before  a widespread,  cost-effective  usage  of  remote 
sensing  in  civil  applications  can  be  sustained.  The  temptation  to  call  the  follow-on 
[15|  program  to  ERTS-1  “operational”  reflects  this  tendency.  Political  sensitivity  of  other 
nations  to  unilateral  remote  sensing  both  grows  on  and  enhances  this  optimism.  In  fact, 
a great  deal  more  research  and,  more  important,  more  applications  experience  in  a real- 
istic economic  environment  is  needed  before  an  economically  viable  “operational”  ERTS 
program  can  emerge.  Requirements  for  this  further  experience*  include: 

(a)  Continued  access  to  remote  sensing  and  ground  truth  data  on  as  close  to  a glob- 
al basis  as  possible,  clearly  calling  for  cooperation  by  other  nations. 
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(h)  Continued  broad  availability  of  primary  digital  data  at  a subsidized  cost  from  a 
NASA  R&D  system  in  which  operational  contiiniity  is  assured,  and  in  which  systems  con- 
figuration tradeoffs  can  be  evaluated. 

(c)  Expanded  public  support  for  user  application  and  image  processing  technology 
development. 

(d)  A public  commitment  to  the  policy  basis  for  future  systems,  should  they  prove 
economically  viable,  on  the  basis  of  which  international  cooperation  and  private*  invest- 
ment will  be  forthcoming. 

Thus  we  urge*  that  policy  reflect  the  fact  that,  while  further  development  of  ERS  sys- 
tems— especially  the-  ground  segment — is  desirable,  the  U.S.  is  not  prepared  to  move  now 
to  an  “operational”  system.  In  accordance  with  (e)  3 above,  [1(5]  the*  U.S.  should  se*ek  to 
establish  dr  facta  acceptance  of  Open  Skies  through  the  inevitable  gradual  development  of 
the*  technology  and  a private  sector  institutional  base  for  delivering  ERS  services  both  here 
and  abroad. 

The  pacing  elements  in  commercial  exploitation  of  the*  ERS  technology  are  image 
processing,  interpretation,  and  service*  marketing.  Here  the*  U.S.  e*njc>ys  the  most  impor- 
tant elements  of  technological  exclusivity.  Rapid  progress  in  improving  and  disseminating 
the  basic  image  data  distribution  will  maximize  the  opportunity  to  take  advantage  of  this 
uniqueness.  Thus  a unilateral  offer  of  the*  primary  data  tapes  to  an  appropriate*  interna- 
tional body  may  well  achieve  the  maximum  political  advantage  of  involvement  of  other 
countries  and  the*  UN  at  an  early  stage*  at  a minimum  cost  to  the  development  of  the*  sys- 
tem. In  addition,  we  should  consider  some  form  of  expanded  help  to  developing  coun- 
tries in  the*  image  processing  and  interpretation  area.  In  the  U.S.  we*  should  develop  these 
activities  in  the  private  sector,  initially  encouraged  by  government  contracts. 

This  policy  framework  could  lead  to  acceptable  negotiated  agreements  with  other 
nations.  We  should  continue  to  assert  the  right  to  acquire  and  disseminate  primary  data. 
But  to  encourage  applications  R and  l),  the  [U.S.  government]  should  be  willing  to  per- 
mit other  countries  to  restrict  joint  research  [17]  with  the  U.S.  to  those  applications  that 
they  are*  willing  to  publish.  Thus  NASA  and  other  agencies  would  continue  the  policy  of 
full  disclosure's  of  both  primary  and  secondary  data  in  which  [tin*  U.S.  government]  is 
involved.  We  would  respect  the  right  of  other  countries  to  obtain  the*  primary  data  tape  or 
read  the  satellite  directly,  if  for  our  own  purposes  we  energize  it  over  their  territories,  and 
make  what  use  of  the  data  they  will. 

Finally,  in  order  to  maximize*  private  sector  confidence  in  the  continuity  of  this  pro- 
gram and  to  minimize  political  problems,  the  most  rigid  separation  possible  should  be 
maintained  between  the  organizational  and  managerial  environments  for  civil  ERS  sys- 
tems and  national  security  systems.  At  the  technology  level  only  commonality  in  both 
spate  and  ground  segments  can  be  considered  to  the  extent  that  security  requirements 
and  economies  permit. 


Document  11-25 

Document  title:  Clinton  P.  Anderson,  Chairman,  Committee  on  Aeronautical  and  Space 
Sciences,  U.S.  Senate,  to  Dr.  James  C.  Fletcher,  Administrator,  NASA,  October  14,  1972. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

Hr  cause  threatened  budget  ruts  krfd  the  future  of  NASA  \ b'RTS  program  in  a state  of  doubt,  the  spare 
agency  was  under  steady  pressure  to  demonstrate  the  program  's  utility.  NASA  had  campaigned  for  the 
program  on  the  grounds  that  it  would  provide  solid  benefits  to  various  user  communities.  However, 
in  the  months  following  the  launch  of  the  first  EH  IS,  NASA  found  that  providing  the  specific  data 
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required  Iry  the  users  was  in  many  ways  more  difficult  than  building  the  hardware.  NASA  ’v  limited 
knowledge  of  many  fields  hindered  its  ability  to  specifically  tailor  data.  Nontechnical  communities , 
particularly  state  agencies,  did  not  understand  the  technology  well  enough  to  realize  its  capabilities 
and  limitations.  Many  potential  users , unable  to  effectively  communicate  their  precise  needs  to  NASA 
and  unaware  of  what  was  available,  were  not  profiting  from  KRIS  data.  A note  on  Senator 
Anderson  s letter  to  NASA  Administrator  James  Fletcher  refers  to  a “ Chuck ” and  'Frank.  " "Chuck" 
was  Charles  Matthews,  the  NASA  Associate  Administrator  in  charge  of  the  ERTS  program,  and 
"Frank"  was  Senator  Anderson's  aide  Frank  DiLuzio. 


[ 1 1 October  14,  1972 

Dr.  James  C.  Fletcher,  Administrator 
National  Aeronautics  and  Space  Administration 
Washington,  D.C.  20540 

[handwritten  note:  “('buck.  I’m  inclined  to  think  Frank  is  right  here.  $ is  a problem  but 
I’m  afraid  NASA  has  to  take  the  leadership  here — -)C iF "] 

Dear  Jim: 

For  quite  some  time,  this  office  has  been  following  the  progress  of  the  ERTS- A 
Program,  and,  specifically,  the  transferring  of  information  gathered  by  the  cameras  and 
sensors  on  board  ERTS  to  end  users.  It  is  obvious  from  testimony,  news  stories  and  public 
news  releases  of  NASA  that  the  initial  users  of  the  data  will  be  the  Corps  of  Engineers,  the 
Environmental  Protection  Agency  and  the  Departments  of  the  Interior,  Commerce  and 
Agriculture.  These  are  Government  agencies  with  statutory  mission  assignments  that  can 
utilize  the  data.  It  is  also  true  that  to  a great  degree,  they  have  within  their  agencies  the 
needed  expertise  to  interpret  and  apply  such  data  to  specific  programs.  This  is  a talent 
which  I do  not  believe  exists  in  other  potential  user  groups  which  need  assistance  and 
which  are  not  being  given  the  proper  attention.  These  groups  include  state  planning 
agencies,  state  regulatory  agencies,  regional  compacts,  state  and  regional  industrial  and 
educational  groups  and  resource  planning  groups. 

I firmly  believe  that  full  and  profitable  utilization  of  ERTS  data  will  only  be  accom- 
plished when  it  is  made  available  to  individual  states,  regional  compacts  and  consortia.  I 
further  believe  that  unless  there  is  a more  concentrated  effort  to  make  the  information 
available  to  the  end  users,  nothing  dramatic  is  going  to  happen  regardless  of  how  valuable 
and  useful  the  collected  data  is  for  land  use  planning,  flood  plan  control,  forest  land  man- 
agement, resources  identification  and  development,  etc. 

This  problem  was  perhaps  best  illustrated  at  a recent  meeting  of  the  Federation  of 
Rocky  Mountain  States  in  Boise,  Idaho.  It  was  very  evident  that  while  NASA  has  done  a fair 
job  in  setting  up  sources  to  which  users  could  write  for  "imagry,”  [sic]  the  locations  and 
capabilities  of  these  centers  were  not  well  known.  Also,  the  potential  users  did  not  seem 
to  know  what  was  available  and,  therefore,  could  not  ask  for  specific  “imagry"  [sic]  with  a 
precise  reference. 

[2]  I do  not  mean  to  criticize  NASA,  but  merely  to  reiterate  that  it  has  always  been  very  dif- 
ficult to  take  new  technology  and  make  it  easily  available  in  understandable  and  useful 
forms  to  the  end  users.  This  has  been  true  with  many  new  technologies,  and  it  also  is  true 
with  ERTS.  It  is  very  difficult  to  initially  inform  and  keep  informed  the  several  different 
ultimate  users,  and  it  also  is  difficult  at  times  to  even  identify  the  ultimate  user  of  such  data. 
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I have  boon  informed  that  there  is  an  agreement  between  NASA  and  the  several 
Governmental  departments  involved  as  to  their  specific  roles.  However,  I firmly  believe 
that  there  must  be  a lead  agency  in  the  application  of  any  new  technology,  or  it  has  a ten- 
dency to  drift  and  dribble  rather  than  follow  a logical  process  ol  application  which  proves 
out  its  value  to  the  country. 

I would  appreciate  il  very  much  if  NASA  would  take  a look  at  what  is  now  being  done 
in  terms  of  making  the  “imagry”  f sic'  | and  data  available;  and  perhaps  with  the  assistance 
of  Interior,  Agriculture,  Commerce,  EPA  and  the  Corps  of  Engineers,  devise  a more  effi- 
cient method  of  accomplishing  the  following: 

1 . A clear  identification  of  information  available,  disseminated  in  a more  effective  way; 

2.  An  opportunity  for  states  and  regional  users  to  participate  in  identifying  the  char- 
acter of  information  needed  and  its  form — not  in  lieu  of,  but  in  addition  to  the  Principle 
Investigator  process; 

‘k  A system  whereby  local  users  can  obtain  consultation  with  knowledgeable  people 
on  a regional,  decentralized  basis  as  to  what  is  available  and  in  what  shape  or  form; 

E Some  direct  technical  assistance  to  the  states  and  to  potential  and  actual  region- 
al users  as  to  how  this  data  c an  be  applied  in  their  planning  and  problems;  and 

f).  Some  method  whereby  stale  and  regional  people4  can  be  trained  so  that  they,  in 
turn,  can  assist  others. 

It  seems  to  me  that  it  is  imperative  that  some  Oovernmental  department  which 
already  has  either  fa]  regional  or  state*  office's  network  be  designated  |3)  as  the  foc  al  point 
through  which  all  service's  can  be*  provided  in  the  initial  application  and  evaluation  of 
ERIS  data.  I am  certain  that  as  more  and  more  data  is  accumulated  and  states  and  local 
users  become  lamiliar  with  the  c harac  teristics  of  the  system,  there  will  evolve  better  and 
more*  efficient  channels  of  transmission  and  assistance  to  the*  local  end  users. 

It  may  be*  that  the-  loc  al  Geological  Survey  office  of  the  Department  of  the  Interior 
might  well  serve  as  the*  initial  focal  point  if  it  were  adequately  staffed  and  its  file  of  ERTS 
data  were  maintained  on  a current  basis.  I know  that  they  have  the  expertise  to  provide 
the  advice  and  interpretations  necessary  for  the  early  applications  of  ERTS  data. 

Unless  something  is  done  along  the  lines  that  I have  be  en  outlining,  we  may  fail  to  use 
this  new  capability  whic  h ERTS  is  giving  us  for  constructive  purposes.  Further,  we  may  lose* 
more  support  for  the  space*  program  because  of  the  inability  to  transmit  space-gathered 
information  on  a timely  basis  to  users  in  order  to  help  solve  specific  earth  problems.  The 
exc  hange  of  information  may  well  lead  to  improved  ERTS  instrumentation  and  techniques. 

I propose  to  talk  to  the  Chairmen  of  the  Interior  and  Commerce  Committees  about 
joining  me  in  obtaining  greater  cooperation  from  the  other  respective  Government  agen- 
cies involved.  I do  not  intend  that  the  initial  seLup  which  I am  recommending  is  in  any 
way  a precedent  setter,  but  it  may  buy  time  for  the  Federal  agencies  to  evolve  a more  effi- 
cient system  of  disseminating  ERTS  information  in  a form  usable  by  the  end  user  until 
such  time  as  a final  communication  system  has  been  developed  by  the  states  and  agencies 
involved.  One  such  approach  might  be  the  regional  setup  proposed  by  the  group  from 
Hobbs,  New  Mexico,  with  which  you  are  familiar.  That  plan  has  great  merit,  and  even 
NASA  staff  members  agree  with  it. 

In  view  of  the  fact  that  the  Congress  will  adjourn  prior  to  any  action  on  this  letter,  I 
would  appreciate  it  very  much  if  you  would  keep  Frank  DiLuzio  current  on  your  thinking 
and  your  reactions  to  tins  letter,  as  he  will  be  in  Washington  at  least  through  December. 

Sincerely  yours, 

(band-signed:  “Clinton  Anderson”] 
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Document  11-26 

Document  title:  Walter  C.  Shupe,  Chief,  GAO  Liaison  Activities,  NASA,  Memorandum  to 
Distribution,  “GAO  Report  to  Congress  ‘Crop  Forecasting  by  Satellite:  Progress  and 
Problems,’  B-183184,  April  7,  1978,”  April  21,  1978. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

In  its  efforts  to  promote  Landsat , NASA  placed  much  emphasis  on  improved  crtyj)  forecasting.  Together 
with  the  Department  of  Agriculture  and  the  Weather  Service , NASA  embarked  on  a project  to  demon- 
strate the  system  s ability  to  accurately  predict  crof)  yield  and  quality.  I he  project,  titled  !A(Jh  ( l/irge 
Area  Crop  Inventory  Kxperi  ment) , experienced  some  success,  but  in  general  it  failed  to  meet  expectations. 


[ 1]  National  Aeronautics  and  Space  Administration 
Washington,  D.C.  20546 

[rubber  stamped:  “APR  21  1978”] 
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MEMORANDUM 
TO:  Distribution 

FROM:  EGO  19/Chief,  GAO  Liaison  Activities 

SUBJECT:  GAO  Report  to  Congress  “Crop  Forecasting  by  Satellite:  Progress  and 

Problems,”  B-183184,  April  7,  1978 

This  office  made  advance  distribution  of  the  enclosed  report  via  route  slip  on  April 
1 1 , 1978.  Additional  copies  were  obtained  and  are  now  being  distributed  to  those  who  did 
not  receive  one  at  that  time.  A copy  of  the  Comptroller  General  s transmittal  letter,  dated 
April  7,  1978,  is  enclosed,  together  with  a separate  copy  of  the  report  Digest. 

GAO  reported  that  USDA,  NASA,  and  NOAA  are  currently  planning  a joint  research 
program  that  will  deemphasize  wheat  and  expand  IACIF  techniques  to  other  crops  and 
applications,  such  as  early  warning  of  crop  damage  and  crop  condition  assessment.  GAO 
recommended  that  the  Secretary  of  Agriculture  provide  cognizant  congressional  commit- 
tees with  periodic  assessments  of  the  I Ai :IE  project,  the  experimentation  with  other  crops, 
and  the  experiments:  with  early  warning  of  crop  damage  and  crop  condition  assessment. 

Inasmuch  as  the  report  recommendation  is  not  addressed  to  the  Administrator,  it  is 
not  necessary  for  NASA  comments  to  be  provided  lor  the  OMB,  for  GAO,  or  for 
Congressional  committees,  unless  requested  at  a later  date. 

[hand-signed:  “Walter  C.  Shape”] 
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[2]  Distribution 

*A-1/I)r.  Robert  A.  Frosch  (Attn:  Executive  Secretary) 

* AD- 1 / Dr.  Man  M.  Lovelace 

ADB-l/Gen.  Onward  L.  (tow 
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*BR-2/Mr.  Dick  Midgett 
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*ER-2/Mr.  Pitt  Thorne 

*EPR-3/  Mr.  Pinkler 

C-I/Mr.  Neil  Hosenball 

*1-1 /Mr.  Kenneth  R.  (Chapman 

*L( ]-5/l)r.  Joseph  Allen 

*L(i-2/Mr.  Edward  /.  Gray 

LGW-2/Mr.  Dick  Stone 

LI- 15/Mr.  Norman  'Ferrell 

N-l/Mr.  Ray  Kline 

*P- 1 /Or.  John  E.  Naugle 

R-l /Or.  James  Kramer  (Attn:  Mr.  R.  Nysmith) 

S-I/Dr.  Noel  Hinners  (Attn:  Mr.  C.  Wash) 

T-I/Mr.  Norman  Po/insky  (Attn:  Mr.  R.  Stock) 

(writer 

*Or.  C.  Kraft,  Director,  JSC  (Attn:  Messrs.  P.  Whitbeck  & L.  Sullivan) 


[i| 

COMPTROLLER  GENERAL’S  REPORT  TO  THE  CONGRESS 

Crop  Forecasting  by  Satellite:  Progress  and  Problems 

DIGEST 

A 3-year,  three-agency  Federal  project  is  developing  technology  to  improve  estimates 
of  foreign  wheat  crops.  It  is  called  the  Large  Area  Crop  Inventory  Experiment  (IACIE) 
and  is  carried  out  as  follows: 

— The  National  Aeronautics  and  Space  Administration’s  (NASA’s)  Earth  Resources 
Technology  Satellite  (Landsat)  provides  data  for  estimating  wheat  acreage. 

— The  National  Oceanic  anti  Atmospheric  Administration  provides  information  to 
assist  in  estimating  crop  yield  under  various  weather  conditions. 

— The  Department  of  Agriculture — the  user  of  wheat  crop  estimates — provides  his- 
torical data  and  defines  requirements  for  the  project. 

IMPORTANCE  OF  WORLD  CROP  INFORMATION 


To  date,  IACIE  has  had  mixed  success  in  achieving  its  performance  goals.  Farmers, 
importers,  exporters,  agribusiness  companies,  Federal  and  State  policymakers,  foreign 
governments,  and  international  organizations  use  foreign  agricultural  information.  But  if 
more  accurate  and  timely  information  were  available,  these  parties  could  better  achieve 
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their  goals  by  making  improved  decisions  on  planting,  fertilizing,  harvesting,  storing,  and 
exporting.  (See  p.  5.) 

Agriculture  initially  planned  to  implement  an  operational  wheat-forecasting  system  if 
IACIE  technology  could  produce  cost-beneficial,  improved  estimates.  However,  this 
emphasis  on  wheat  has  changed,  and  Agriculture  is  planning  a research  program  which 
will  define  the  potential  of  the  IACIE  technology  for  other  crops  and  applications.  (See 
P-  2.) 

| ii  | The  Congress  should  be  kept  aware  of  the  results  of  this  program  and  of  the  experi- 
mentation with  other  crops  and  applications. 

IACIE  PERFORMANCE 


The  IACIE  project  is  developing  new  technology  and,  as  to  be  expected  with  new 
technology,  has  had  some  technical  problems,  such  as 

— difficulty  in  distinguishing  spring  wheat  from  other  grains  (see  p.  12), 

— slow  progress  in  developing  methods  for  machine  classification  of  wheat  areas  to 
reduce  the  need  for  heavy  manual  involvement  in  identifying  wheat-growing 
areas  (see  p.  13),  and 

— using  current  yield  models  which  use  highly  aggregated  weather  inputs  that  are 
not  fully,  responsive  to  weather  changes  occurring  for  short  periods  over  localized 
areas.  (See  p.  14.) 

IACIE  performance  needs  to  be  improved  to  meet  its  goals  of  90-percent  accurate 
production  estimates,  9 out  of  10  years.  In  the  most  important  test  country,  the  Soviet 
Union,  the  IACIE  production  estimate  was  close  to  the  official  estimate;  however,  this 
resulted  from  offsetting  errors;  i.e.,  the  wheat  area  estimate  was  high  by  over  12  percent, 
and  the  wheat  yield  estimate  was  low  by  nearly  15  percent.  (See  p.  8.) 

IACIE  COSTS 


IACIE  and  related  efforts  planned  through  fiscal  year  1978  will  cost  about  $54  mil- 
lion, not  including  NASA  personnel  costs.  I he  total  costs  of  the  follow-on  research  pro- 
gram involving  the  three  agencies  have  not  been  determined.  However,  Agriculture  is 
investing  a substantial  amount  of  funds  in  computer  equipment,  and  in  programs  and 
related  items  to  establish  a facility  near  the  Johnson  Space  Center,  where  much  of  the 
research  will  be  carried  out.  (See  pp.  16  and  17.) 

[iii]  CONTINUING  EFFORTS 

Agriculture  planned  to  implement  the  Application  lest  System — designed  to  test 
IACIE  wheat-estimating  techniques  in  an  operational  environment.  It  has,  however, 
decided  to  extend  experimentation  to  other  crops  and  applications,  such  as  early  warning 
of  crop  damage  and  crop  condition  assessment.  It  will  also  defer  a Landsat-based  wheat 
information  system  until  further  experimentation  and  evaluation  is  completed.  (See  p. 
17.)  Project  plans  in  1974  called  for  the  performance  of  a cost/benefit  analysis  to  evalu- 
ate the  usefulness  and  cost-effectiveness  of  a lACIE-tvpe  system  in  providing  foreign  crop 
information.  The  analysis  will  assess  benefits  based  on  expected  improvements  in  timeli- 
ness and  accuracy  of  information  from  a lACIE-tvpe  system  for  forecasting  wheat. 
Accordingly,  the  reasonableness  of  the  benefits  set  forth  should  he  c aref  ully  examined  if 
the  analysis  is  used  in  deciding  whether  a crop-forecasting  system  based  on  IACIE  tech- 
nology should  be  carried  out.  The  analysts  will  be  carried  out  in  1978  but  will  not  be  com- 
pleted by  the  end  of  the  IACIE  project  in  July  1978.  (See  p.  18.) 
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RECOMMENDATION  TO  THE  SECRETARY  OF  AGRICULTURE 

Since  there  have  been  technical  problems  in  reaching  IACIE  objectives  and  the 
research  direction  has  changed,  GAO  recommends  that  the  Secretary  of  Agriculture  pro- 
vide cognizant  congressional  committees  with  periodic  assessments  of  the  IACIE  project, 
the  experimentation  with  other  crops,  and  the  experiments  with  early  warning  of  crop 
damage  and  crop  condition  assessment.  (See  p.  21.) 

AGENCY  COMMENTS 


The  issues  in  this  report  have  been  discussed  with  IACIE  officials  in  the  three  partic- 
ipating agencies,  and  their  comments  have  been  incorporated  as  appropriate.  NASA 
believes  that  IACIE  area  and  yield  estimates  for  the  Soviet  Union  should  not  be  compared 
to  the  Soviet’s  figures  for  area  and  yield  because  [iv]  the  latter  are  suspect.  However,  the 
IACIE  project  makes  this  comparison,  and  Agriculture  reports  the  figures  in  its  regular 
periodic  reports.  . . . 


Document  11-27 

Document  title:  Charles  J.  Robinove,  Director,  EROS  Program  Office,  Geological  Survey, 
U.S.  Department  of  the  Interior,  Memorandum  to  Staff  of  the  EROS  Program, 
“Optimism  vs.  pessimism  or  where  do  we  go  from  here?  (some  personal  views),” 
December  10,  1975. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

In  bargaining  with  the  Bureau  of  the  Budget  to  gain  approval  for  an  Earth  resource  survey  satellite 
system , the  Department  of  the  Interior  was  forced  to  accept  an  initial  proxnsional  program  rather'  than 
the  fully  ofmational  program  it  sought.  To  become  fully  operational , the  pr  ogram  would  have  to  prove 
its  utility.  As  time  passed  and  progress  was  slower  than  anticipated , this  bargain  hung  like  Damocles' 
sword  over  the  program.  In  an  effort  to  boost  severely  sagging  morale  in  the  EROS  program  office , 
Charles  J.  Robinove  prepared  this  memorandum. 


I l I December  10,  1975 

Memorandum 

To:  Staff  of  the  EROS  Program 

From:  Charles  J.  Robinove 

Subject:  Optimism  vs.  pessimism  or  where  do  we  go  from  here? 

(some  personal  views) 

In  the  past  months  the  staff  of  the  EROS  Program  has  shown  inc  reasing  pessimism 
and  discontent  regarding  the  future  of  the  EROS  Program,  the  thrust  of  research  and 
operations,  programmatic  and  administrative  problems,  and  the  place  of  the  scientific 
stall.  All  of  us,  from  top  to  bottom,  have  at  times  been  discouraged  in  our  individual 
progress  and  in  the  progress  of  the  program — this  is  only  natural  in  a growing  and  evolv- 
ing area  of  science  within  the  Federal  bureaucracy. 
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Certainly  many  things  have  progressed  more  slowly  than  any  of  us  would  like.  In  the 
ten-year  span  since  the  EROS  Program  was  announced,  only  two  satellites  have  been 
launched,  no  commitment  has  been  made  to  an  operational  system,  organizational 
progress  has  seemed  to  be  stilled,  and  budgets  have  never  been  large  enough  to  do  the 
things  that  we  have  all  felt  need  to  he  done. 

Pessimism  in  the  face  of  slow  progress  and  setbacks  is  a natural  human  condition,  but 
why  is  it  so  prevalent  now?  Probably  it  is  because  all  of  us  believe  in  the  EROS  Program  as 
a soundly  based  scientific  and  technical  framework  that  is  good  for  the  United  Stales  and 
the  world,  remote  sensing  is  a scientifically  exciting  field  to  work  in,  our  contacts  with  oth- 
ers in  a vast  area  of  scientific  and  resource  management  disciplines  is  a broadening  and 
continuing  learning  experience,  and  through  our  efforts  we  can  build  a sound  and 
respected  scientific  reputation  both  individually  and  for  the  program. 

Let  us  look  at  the  progress  that  has  been  made.  Landsats  1 and  2 are  operating  at  per- 
formance levels  higher  than  expected,  Landsat-C  is  planned  for  launch  in  1977,  and 
Landsat-D  is  being  planned.  Other  more  specific  missions  such  as  Magnetometer  Satellite 
(Magsat)  and  Heat  Capacity  Mapping  Mission  (IK 'MM)  are  being  planned. 

[21  Users  of  remote  sensing  data  are  increasing  rapidly,  and  applications  of  data  to 
resource  and  environmental  problems  are  proving  to  be  practical  and  beneficial.  The 
EROS  Data  ('enter  is  an  operating  reality  with  increasing  numbers  of  customers  for  data 
and  training.  The  individual  freedom  of  the  staff  to  do  research  in  both  basic  and  applied 
remote  sensing  is  a privilege  envied  by  many  outside  the  Survey.  But  in  spite  of  these  pos- 
itive factors,  pessimism  seems  greater  than  optimism. 

Scientific  progress  is  like  individual  freedom — both  must  be  fought  for  day  by  day. 
Neither  can  be  taken  for  granted.  Regardless  of  the  quality  of  our  work  or  the  necessity 
for  such  work  to  benefit  the  country  and  the  world,  there  will  always  be  those  who  say  our 
endeavors  are  of  little  value,  that  our  concepts  won't  work,  and  who  battle  against  us  in 
private  and  in  public,  either  to  eliminate  the  EROS  Program  entirely  or  to  reduce  it  to  an 
unworkable  level. 

Are  these  reasons  for  pessimism?  No — they  are  reasons  to  increase  our  efforts  and  to 
convince  our  detractors,  both  by  our  results  and  our  statements,  that  what  we  do  is  of 
value.  This  must  be  done  continually.  It  is  not  enough  to  know  we  are  making  progress 
and  helping  others.  We  must  show  it  and  tell  it  and  be  proud  of  it. 

In  accomplishing  the  things  that  we  have  done,  we  have  solved  many  problems — sci- 
entific, administrative,  and  political;  we  have  built  a constructive  and  useful  phase  of  sci- 
ence and  technology;  and  we  have  overcome  many  obstacles  in  doing  so.  There  is  every 
reason  to  continue  to  do  so  and  every  ability  available  to  continue  and  increase  our 
progress.  In  the  context  of  pride  in  our  purpose  and  our  accomplishments,  we  can  put  up 
with  enemies,  misunderstandings,  and  continual  nitpicking  in  small  matters. 

Optimism  derives  from  our  purpose  and  our  accomplishments;  pessimism  derives 
only  from  frustration  in  reaching  our  goals.  I believe  we  can  overcome  our  pessimism  by 
looking  at  our  purpose  and  our  goals,  recognizing  the  hard  and  often  frustrating  scien- 
tific, administrative,  and  political  roadblocks  in  our  way,  and  trying,  day  by  day,  to  over- 
come them. 

If  we  remain  firmly  committed  to  our  broad  goals  and  confident  of  our  ability,  then 
optimism  will  aid  us  in  achieving  our  goals  and  in  overcoming  the  pessimism  that  can  lead 
us  to  defeat  ourselves. 


[hand-signed:  “Charles J.  Robin  ove”] 
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Document  11-28 

Document  title:  James  C.  Fletcher,  Administrator,  NASA,  to  Mr.  John  C.  Sawhill,  Associate 
Director,  Office  of  Management  and  Budget,  October  19,  1973. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

The  Bureau  of  the  Budget  was  given  expanded  responsibilities  and  renamed  the  Office  of 
Management  and  Budget  (OMB)  in  1971.  This  name  change  did  not  result  in  a more  welcome  atti- 
tude toward  the  TH  I S program . The  second  satellite,  ERTS-B,  was  originally  scheduled  for  launch 
in  1976.  Tearing  that  a failure  in  ERTS-A  might  cause  a potentially  damaging  gap  in  data,  NASA 
requested  permission  to  advance  the  launch  date  by  two  years.  OMB  resisted,  Miming  that  an  earli- 
er launch  might  imply  a premature  decision  to  declare  the  program  operational  and  thereby  increase 
funding.  In  this  letter  to  OMB  Associate  Director  John  C.  Sawhill  NASA  Administrator  James 
FI richer  presen  ts  NASA  a case. 


NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 
Washington,  D.C.  20545 


OCT  19  1973 


Office  of  the  Administrator 


Mr.  John  C,  Sawhill 

Associate  Director 

Office  of  Management  and  Budget 

Executive  Office  of  the  President 

Washington,  D.C.  20503 


Dear  John: 

1 am  writing  to  clarify  and  explain  in  greater  detail  the  reasons  to  accelerate  the 
launch  of  ERTS-B  from  1976  to  1974,  as  communicated  in  my  letter  to  Roy  Ash  of 
September  5,  1973. 

First,  let  me  address  three  points  on  which  discussions  with  your  stall  indicate  tliete 
may  have  been  some  misunderstanding. 

1.  The  acceleration  of  ERTS-B  is  required  for  continued  experimental  work  and 
does  not  depend  on  approval  of  the  interagency  pilot  project  I suggested  to 
George  Shultz  in  my  letter  of  September  5,  1973.  Even  if  it  is  decided  not  to 
undertake  such  a global  agricultural  experiment,  the  earlier  launch  of  ERTS-B  is 
required  to  continue  current  experimentation  with  the  use  of  the  ERTS  data  sys- 
tems for  applications  in  agriculture  and  other  fields  to  provide  a better  base  of 
experience  f or  the  planning  and  design  of  possible  future  operational  systems. 

2 The  launch  of  ERTS-B  in  1974  does  not  require  or  necessarily  imply  an  earlier 
decision  to  commit  to  an  operational  ERS  satellite  system  than  envisaged  with  the 
previously  approved  1976  ERTS-B  launch  date,  nor  does  it  require  or  necessarily 
imply  a decision  to  launch  another  experimental  satellite  in  197b  to  maintain  con- 
tinuity of  data  collection  between  the  accelerated  ERTS-B  and  an  eventual  opera- 
tional satellite  system.  NASA  and  the  user  agencies  generally  |2]  believe  that  an 
earlier  commitment  to  an  operational  satellite  system  could  be  made,  and  1 have 


278 


Observing  the  Earth  From  Space 


recommended  that  continuity  of  data  collection  be  maintained  with  another 
experimental  satellite  (ERTS-C)  until  an  operational  satellite  system  becomes 
available.  However,  even  if  neither  an  operational  system  nor  ERTS-C  is  approved 
at  this  lime,  ERTS-B  should  nevertheless  he  launched  in  1974  to  extend  the  exper- 
imental operations  conducted  with  ERTS-1.  If  there  has  to  he  a gap,  it  would  he 
preferable  to  get  a stronger  experimental  base  sooner  and  accept  a hiatus  between 
a more  meaningful  experimental  phase  and  the  operational  system,  rather  than 
introduce  an  unnecessary  hiatus  into  the  middle  of  the  experimental  phase. 

4.  The  acceleration  of  ERTS-B,  even  it  combined  with  a decision  to  proceed  with 
ERTS-C  for  launch  in  1976,  as  1 have  separately  recommended,  does  not  have 
budgetary  implications  that  go  beyond  previously  planned  committed  levels  for 
space  research  and  technology.  The  additional  cost  of  ER'I’S-C  can  easily  be 
accommodated  within  a total  NASA  budget  well  below  the  planning  level  of 
$3.2-3. 4 billion  ( 1971  dollars)  agreed  to  in  January  1972,  as  shown  in  my  FY  1975 
budget  letter  of  September  28,  1973. 

Now  let  me  explain  more  fully  the  reasons  for  shifting  the  launch  date  of  ERTS  B to 
^ 971.  independent  of  the  related  considerations  discussed  above. 

R&D  Strategy 


rite  research  and  development  strategy  for  the  ERTS  program,  for  which  NASA  and 
the  associated  technical  agencies  are  responsible,  must  be  based  on  recognition  of  the  fac  t 
that  a multipurpose  development  program  like  ERTS  cannot  be  treated  like  a c lassical 
haidwarc  systems  development  with  dearly  identifiable  decision  points  for  separate  phas- 
es  of  research,  development,  test,  evaluation,  and  operations.  We  are  dealing  with  a system 
and  many  potential  applications  |3|  in  which  the  experimental  phase  has  to  include  (in 
different  ways  for  each  application)  a whole  variety  of  activities,  including  among  others: 

• Development  and  test  of  sensor  performance  capabilities. 

• Development  and  test  of  satellite  hardware  capabilities. 

• Development  and  lest  of  data  collection  and  relay  capabilities. 

• Development  and  test  of  ground  data  processing  to  provide  data  in  useful  form 
for  each  of  many  applications. 


• Development  of  data  analysis  aids  and  methodologies  to  convert  data  into  useful 
information. 

• lest  of  information  utility  in  each  application  for  management  and  decision-making 

Two  key  points  must  be  stressed:  First,  the  satellite  data  requirements  for  experimen- 
tation necessary  to  achieve  an  adequate  basis  for  evaluation  are  different  for  each  class  of 
potential  application;  and  second,  some  of  the  most  important  potential  applications 
tequiie  a data  base  of  repetitive  coverage  extending  over  several  years  and/or  quasi- 
operational  testing  using  current,  near-real-time  data. 

There  are  two  major  areas  of  ERTS  applications  that  clearly  appear  to  have  great  near- 
term  potential  value  and  which  illustrate  the  importance  of  the  continuity  of  data  an 
ERTS-B  1974  launch  would  provide.  These  are  the  areas  of  vegetation  and  water  bound- 
ary discrimination.  It  has  been  demonstrated,  for  example,  that  ERTS  data  can  be  used  to 
identity  and  separate  different  crops,  monitor  crop  vigor,  end  measure  crop  acreage  To 
be  useful  m the  development  of  systematic  crop  yield  [4]  predic  tions,  these  techniques 
need  to  he  applied  to  current  growing  seasons  that  are  influenced  by  current  climatology. 
The  same  holds  true  for  measurement  of  forest  stress  under  insect  attack  and  for  exact 
delineation  of  coastal  wetlands  by  grass  species  discrimination:  the  dynamic  nature  of  the 
problem  requires  current  data  for  current  use.  For  hydrology  applications  like  flood  map- 
ping, seasonal  lake  and  pond  assessments,  water  sedimentation  and  pollution  measure- 
ment, and  sea  ice  monitoring,  near-real-time  data  is  even  more  critical,  since  the  dynamic 
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phenomena  themselves  are  short-lived  and  the  period  for  action  in  response  to  observa- 
tion is  also  short.  An  early  ERTS-B  launch  will  provide  assurance  that  the  immediate  val- 
ues in  these  application  areas  can  he  realized. 

These  two  examples  illustrate  how  the  first  phase  of  ERTS  investigations  has  been 
spent  discovering  and  understanding  tin-  full  extent  of  the  informational  content  of  space 
data;  the  next  phase  now  needs  to  focus  on  making  information  extraction  routine  and 
on  learning  how  the  new  information  can  be  integrated  into  management  and  decision 
processes.  This  next  phase  requires  experimental  support  and  continuity  in  the  flow  of 
ERIS  data.  Ihese  are  the  considerations  that  led  the  Interagency  Coordination 
Committee  for  the  Earth  Resources  Survey  Program  in  its  annual  report,  to  your  office 
submitted  on  October  4 to  identify  the  acceleration  of  ERTS-B  to  1974  as  the  best  step  in 
the  overall  transition  from  R&l)  to  operations. 

A first-order  analysis  of  the  tradeoffs  between  the  two  launch  date's  shows  the*  following: 

• I he  earlier  launch  maintains  the  momentum  developed  in  the'  investigator  and 
user  communities,  a momentum  that  would  have  to  be  reestablished  at  a cost  in 
money  and  performance  if  a serious  gap  in  data  flow  were  permitted. 

1 5]  • I lit'  earlier  launch  is  likely  to  provide  earlier  definitive  experience  among  many 

diverse  users  and  applications  upon  which  decisions  as  to  operational  systems  timing, 

configuration,  and  benefits  can  be  reached. 

• The  earlier  launch  of  E RTS-3  means  that  the  fifth  (10-14  micrometer)  MSS  chan- 
nel would  not  lx*  carried  until  a later  time;  the  development  schedule  for  this 
thermal  IR  channel  would  not  be  affected  and  the  instrument  could  be  flown  in 
1 97b  if  a suitable  spacecraft  is  available.  A two-year  discontinuity  in  ERTS  data 
availability  is  considered  more  serious  than  the  potential  delay  in  the  flight  test  of 
the  additional  experimental  channel. 

• The  earlier  launch  date*  provides  the  possibility  of  near-continuous  coverage  fol- 
lowing ERTS-1  which  lias  exceeded  its  design  life  and  can  be  expected  to  fail  at 
any  time.  A later  gap  in  data  flow  following  ERTS-B  in  the  period  1975— 7b  could 
be  filled  with  a follow-on  experimental  or  operational  system  as  I have  already  rec  - 
oin mended;  however,  this  is  a matter  for  a separate  decision  which  can  be*  made 
on  its  merits  in  the  EY  1975  budget  process,  independently  of  the  decision  on  the 
ERTS-B  launch  date. 

• I he  earlier  launch  results  in  lower  FY  1975  and  total  program  costs. 

I would  like  to  reiterate  a basic  point:  the  objective  of  the  ERTS  program,  to  identify 
whether  an  operational  approach  to  ERS  is  warranted,  is  earliest  and  most  economically 
served  by  accelerating  ERTS-B. 


[b|  Congressional  Direction 

The  four  Committees  charged  with  the  NASA  authorization  and  appropriation  have 
c learly  and  unambiguously  gone  on  record  on  the  ERTS-B  matter.  The  FY  1974  autho- 
rization act  includes  $8  million  specifically  targeted  for  this  purpose.  Quotes  are:  “The 
I House  | Committee,  however,  places  the  highest  priority  on  the  ERTS  project.”  . . the 
(House)  Committee  believes  that  ERTS-B  should  be  prepared  for  launch  as  soon  a prac- 
ticable.”  . . the  [Senate]  Committee  c oncurs  with  the  House  in  adding  $7  million  to  the 
Space  Applications  Program  to  bring  ERTS  B into  a ready  status  for  launch  in  its  present 
configuration  . . . . . the  [House]  Committee  urges  NASA  to  reprogram  the  necessary 

funds  to  launch  ERTS-B  as  early  as  possible.”  [bracketed  material  in  the  original] 

The  basis  for  Congressional  interest  is  not  political  in  the  usual  sense.  Data  from 
ERI  S-l  is  beginning  to  be  used  extensively  by  many  different  State  agencies,  and  a serious 
gap  in  data  availability  would  cause  these  State's  to  abandon  their  analysis  teams — many  of 
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them  before  they  have  had  the  opportunity  of  working  with  real-time  repetitive  data. 
Perhaps  the  States  were  premature  in  building  up  their  capabilities  in  response  to  an 
experimental  satellite,  but,  on  the  other  hand,  it  seems  that  FRIS-1  has  more  value's  of  an 
operational  character  then  | sic]  had  been  anticipated. 

In  addition,  I have  been  personally  informed  by  a number  of  both  House  and  Senate 
members  from  both  sides  of  the  aisle  that  failure  to  accelerate  FRTS-B  would  be  consid- 
ered a serious  disregard  of  Congressional  intent  and  would  result  in  political  and  pro- 
grammatic repercussions  it  would  be  in  the  best  interests  of  the  Administration  to  avoid. 
While  the  appropriation  bill  was  still  under  review,  it  has  been  possible  to  point  to  that  fact 
as  a limitation  on  NASA’s  programming  flexibilities;  now  that  it  has  passed,  I am  immedi- 
ately accountable  to  the  Committees  on  the  matter  of  the  FY  1974  program  content. 

[7]  International  Considerations 


International  interest,  on  the  part  of  US  agencies  and  firms,  as  well  as  numerous  for- 
eign governments,  demonstrates  a wide-spread  positive  evaluation  of  the  FRIS  program 
and  a very  strong  concern  for  its  continuity.  The  following  are  examples: 

• President  McNamara  of  the  World  Bank  looks  forward  to  an  early  launching  of 
FRTS-B,  has  established  a special  Bank  office  for  applications  of  space  surveys, 
and  has  requested  the  Bank  to  be  designated  a special  (user)  agency. 

• AID  is  utilizing  ERTS  data  in  specific  projects  of  technical  assistance  and  has 
requested  continuity  of  coverage  for  some  of  these. 

• The  Department  of  State’s  Bureau  of  African  Affairs  has  given  special  attention  to 
FRTS  data  for  the  drought-stricken  Sahelian  area  and  there  has  been  a positive 
response,  specific  to  the  ERTS  program,  f rom  the  Governments  of  Niger  and  Mali. 

• Canada,  Brazil,  and  Italy  have  committed  to  substantial  investments  in  ERTS 
ground  stations  and  data  processing  facilities,  implying  a clear  expectation  of  the 
continuity  of  FRTS-type  data  from  whatever  source. 

• Brazil  convoked  a meeting  in  May  of  this  year  in  which  some  eleven  countries 
expressed  their  interest  in  the  continuity  of  FRTS  data. 

• More  than  a dozen  countries  have  inquired  regarding  the  establishment  of  FRTS 
stations. 

• The  Bendix  company  has  informed  us  that  US  commercial  advantage  in  overseas 
sales  of  equipment  for  FRTS  data  reception  and  analysis  depends  heavily  upon  an 
early  start  for  ER  I S-B. 

[8]  I can  provide  you  further  data  on  the  international  aspects  if  you  desire.  However,  my 
own  assessment  is  that  the  US  stands  to  gain  much  by  the  earlier  launch  of  FRTS-B  and 
stands  to  lose,  in  both  the  near  and  the  long  term,  if  this  launch  is  deferred  for  reasons 
which  ignore  US  international  policy  interests. 

In  conclusion,  I have  decided  to  request  apportionment  of  FY  1974  f unds  on  the  basis 
of  a 1974  FRTS-B  launch.  Time  is  already  becoming  critical  if  we  are  to  assure  the 
smoothest  and  most  economical  contractual  and  schedule  changes. 

The  separate  question  of  whet  her  to  dedicate  some  parts  of  the  FR1 S-B  capabilities  to 
a special  pilot  project  should  be  decided  on  its  own  merits  in  the  context  of  national  needs 
and  national  policy;  it  should  be  noted  that  the  pilot  project  would  not  interfere  with 
domestic  data  acquisition  or  with  use  of  the  satellite  by  those  countries  investing  in  ground 
stations.  I am  confident  that  this  proposal  is  inherently  sound  and  I urge  your  assistance  in 
helping  assure  that  it  receives  appropriate  consideration  within  the  Administration. 


Sincerely, 


James  C.  Fletcher 
Administrator 
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bcc:  A/D r.  Fletcher 

AD/ l>r.  Low 

AA/Di.  Newell  Prepared  by:  AAA:DWJr:djs:  10/19/78 

ADA/ Mr.  Shapley 

B/Mr.  Lilly 

F/Mr.  Mathews 

AAA/ Mr.  Williamson 

AX  M-8/ Files 


Document  11-29 

Document  title:  Christopher  C.  Kraft,  Jr.,  Director,  Johnson  Space  Center,  to  Associate 
Administrator  for  Applications,  NASA  Headquarters,  “Private  Sector  Operation  of 
Landsat  Satellites,”  March  12,  1976. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

In  January  1975 , NASA  renamed  the  ERTS program  Landsat.  By  1976 , with  two  Landsat  satellites 
in  orbit,  another  scheduled  for  launch , and  a fourth  under  construction,  many  people  associated  with 
the  Earth  resources /Survey  program  felt  the  experimental  phase  had  continued  long  enough,  and  it 
was  time  at  least  to  begin  to  discuss  where  the  program's  ultimate  home  should  be.  Many  thought  it 
would  be  best  to  transfer  the  entire  program  to  private  industry.  Others,  including  Christopher  Kraft, 
Director  of  NASA's  Johnson  Space  Outer,  argued  that  it  was  premature  to  decide  on  an  operational 
struct  ure  for  Landsat,  given  the  character  of  the  market  for  its  products  to  date. 


[rubber  stamped:  'MAR  12  1976”] 


TO:  NASA  Headquarters 

Attn:  K/Associate  Administrator  for  Applications 

FROM:  AA/Director 

Sl'BJF.CT:  Private  Sector  Operation  of  Landsat  Satellites 

The  following  comments  are  provided  in  response  to  your  request  at  the  recent  APIB 
Meeting  regarding  possible  non-government  operation  of  the  Landsat  system. 

1 have  no  doubt  that  private  industry  will  eventually  play  a major  role  in  the  opera- 
tional earth  resources  survey  system.  I believe  this  will  make  for  a healthy  situation  and 
should  be  retained  as  a future  option.  However,  just  what  that  role  will  be  is  not  at  all  clear 
at  this  time. 

It  appears  likely  that  for  the  next  5-10  years  the  Federal  Government  will  be  the  major 
user  of  Landsal-type  data.  Although  many  others  use  the  data  for  a variety  ol  purposes, 
they  probably  would  not  be  willing  at  this  time  to  contribute  significantly  to  supporting 
an  operational  Landsat  system.  Possible  roles  for  private  industry  would  be  to  build  and 
operate  Landsat  as  a commercial  venture  or  under  a long-term  lease  back  to  the  Federal 
Government. 

Considering  the  high  risk  attendant  to  the  currently  uncertain  commercial  market,  it 
is  doubtful  that  industry  would  be  willing  to  underwrite  the  Landsat  development  and 
operation.  The  prospects  for  negotiating  a mutually  acceptable  long-term  lease  arrange- 
ment— considering  the  budgetary  process — are  also  highly  uncertain  at  this  time. 


282 


Observing  tiik  Ear  in  From  Space 


Therefore,  I would  suggest  that  no  changes  be  made  to  present  plans  for  operation  of 
Landsat  C and  D.  As  operational  data  use  develops  in  the  next  few  years,  this  climate  may 
change  and  a broader-based  demand  for  Landsat-type  data  may  emerge.  The  option  for 
private  sector  operation  of  the  Landsat  system  should  be  reassessed  at  that  time. 

Christopher  C.  Kraft,  Jr. 

H D/J  FM  i tchell:  n mm  2/27/  70:375 1 


cc: 

BD/E.  B.  Stewart 
HB/O.  Smistad 
HC/R.  A.  Hoke 


Document  11-30 

Document  title:  Bruno  Augenstein,  Willis  H.  Shapley,  and  Eugene  B.  Skolnikoff,  “Earth 
Information  From  Space  by  Remote  Sensing,”  report  prepared  for  Dr.  Frank  Press, 
Director,  Office  of  Science  and  Technology  Policy,  June  2,  1978,  pp.  ii-iv,  1-14. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

When  this  report  came  out  in  June  1 978,  the  United  States  had  been  engaged  in  an  ** experimental ” 
Earth  resources  observation  program  since  1966.  Although  by  1978  the  program  's  ultimate  viability 
was  still  not  clear,  most  involved  felt  it  was  time  to  make  a polity  decision  regarding  whether  or  not 
the  program  should  be  canceled , declared  operational,  or  maintained  on  an  experimental  basis  until 
further  results  made  a choice  more  obvious.  Among  the  issues  facing  decision  makers  was  deciding 
which  government  agency  should  take  the  lead,  if  indeed  an  operational  system  was  desired.  This 
report  from  the  Office  of  Science  and  Technology  Policy  of  the  Executive  Office  of  the  President  exam- 
ines the  issues  at  hand  and  recommends  NASA  as  the  appropriate  lead  agency.  The  three  authors  of 
the  report  were  consultants  to  Presidential  Science  Advisor  Frank  Press . Bruno  Augenstein  was  a 
HAND  Corporation  scientist  with  early  involvement  in  Earth  observation  systems.  Willis  Shapley  was 
a long-time  top  staff  official  at  the  Bureau  of  the  Budget  and  NASA.  Eugene  Skolnikoff  was  a polit- 
ical science  professor  who  specialized  in  science,  technology,  and  foreign  policy  issues  at  the 
Massachusetts  Institute  oj  Technology.  Included  here  are  the  executive  summary  and  first  two  chap- 
ters of  their  report 


Earth  Information  From  Space  by  Remote  Sensing 

by 

Bruno  Augenstein 
Willis  H.  Shapley 
Eugene  B.  Skolnikoff 

June  2,  1978  ..  . 

fiij  EXECUTIVE  SUMMARY 

L The  aim  of  the  consultants  in  this  report  has  been  to  develop  policy  recommenda- 
tions and  options  for  U.S.  civil  remote  sensing  activities. 
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B.  Background 

1.  Official  central  policy  in  the  Executive  Branch  has  been  somewhat  ambivalent  on  civil 
remote  sensing  from  space.  There  has  been  support  for  technological  R&D  and  some 
experimental  applications.  But  operational  uses  have  been  under  a cloud — decisions  on 
‘operational  systems”  and  even  on  policies  for  a transition  to  an  operational  mode  have 
been  regarded,  up  to  now,  as  premature.  On  the  Congressional  side,  however,  and  in 
other  sectors  there  has  been  support  for  an  early  transition  to  an  operational  mode  and 
strong  demands  that  at  a minimum  the  Executive  Branch  propose  clear  policies  to  guide 
the  future  civil  uses  of  remote  sensing  from  space. 

2.  I here  now  appears  to  be  a consensus  that  the  time  has  come  to  formulate  and  adopt 
policies  to  govern  future  U.S.  involvement  in  civil  remote  sensing  from  space.  Actions  to 
reformulate  overall  national  policy  in  space  are  underway.  The  Director  of  the  Office  of 
Science  and  Iechnology  Polity  has  agreed  to  present  an  administration  policy  on  civil 
remote  sensing  to  the  Congress  later  this  year.  The  consultants'  report  is  intended  as  one 
of  the  steps  leading  to  decisions  on  what  these  policies  should  be. 

5.  Some*  of  the  concerns  which  underline  the  urgency  of  the  need  for  policy  decisions 
on  civil  remote  sensing  arc  the  following: 

|2]  a.  The  absence  of  a U.S.  policy  on  future  directions  and  institutional  arrangements 
has  created  an  atmosphere  of  uncertainty  and  frustration,  flu*  IJ.S.  agencies  con- 
cerned and  other  prospective  users,  domestic  and  foreign,  art*  finding  it  difficult 
to  make  sensible  decisions  on  their  future  plans  and  commitments.  No  single 
agency  has  had  authority  and  responsibility  for  leadership  in  developing  national 
policy  on  an  overall  plan. 

b.  Lead-times  are  running  out.  Decision-making  on  the  systems  and  services  to  fol- 
low Iandsat  D should  start  this  year;  significant  opportunities  and  options  may 
otherwise  be  lost. 

c.  Foreign  competition  is  becoming  a real  threat.  U.S.  indecision  in  the  face  of 
strong,  technologically  advanced  efforts  by  Japan,  France,  or  the  European  Space 
Agency  could  result  in  loss  of  U.S.  leadership  in  civil  remote  sensing  and  the* 
opportunities  that  would  go  with  it. 

cl.  Existing  U.S.  policies  are  now  having  some  counterproductive  effects.  The  limi- 
tation of  civil  remote  sensing  from  space  to  R&D  and  experimentation,  combined 
with  the  practice  of  incremental  program  decisions  without  a long-term  plan  for 
operational  servic  es,  is  calling  into  question  the  future  of  U.S.  involvement  in  civil 
remote  sensing.  I his  is  adding  to  the  uncertainties,  discouraging  prospective 
users,  and  encouraging  foreign  competition.  Decisions  on  uses  beyond  R&D  are 
no  longer  premature;  they  are  timely,  even  overdue. 

e.  Finally,  there  is  a widespread  feeling  that  the  time  has  come  to  make  a stronger 
effort  to  realize  benefits  of  value  from  civil  remote  sensing. 

C.  Definitions  and  Distinctions 

l.  In  this  report,  we  will  be  dealing  primarily  with  “Civil  Remote  Sensing  from  Space” 
activities  and  systems,  by  which  we  mean  the  totality  of  activities  and  systems  required  for 
the  colle  c tion,  production  and  initial  dissemination  of  data  on  the  earth  obtained  from 
space  by  civil  remote  sensing  systems.  These  activities  and  systems  are  generally  regarded 
as  having  a space*  segment  and  a ground  segment.  The  space  segment  consists  of  the* 
production  activities  and  systems  required  for  the  collection,  initial  processing,  and  deliv- 
ery of  earth  data  from  space.  The  ground  segment  consists  of  dissemination  activities  and 
systems  required  for  making  the*  processed  data  available*  in  appropriate  formats  to  users 
and  for  maintaining  archives  of  remote  sensing  data. 


Observing  thk  Earth  From  Spack 


2.  To  a lesser  extent,  the  report  will  refer  to  the  analysis  activities  or  systems  required  by 
users  for  the  analysis,  enhancement,  or  display  of  remote  sensing  data  and  its  consolida- 
tion with  data  from  other  sources.  These  are  the  activities  and  systems  that  convert 
processed  remote  sensing  data — the  output  of  the  production  and  dissemination  sys- 
tems— into  information,  the  product  that  is  used  by  users  and  beneficiaries. 

[3]  3.  Each  of  the  above  types  of  systems  (production,  dissemination,  analysis)  may  be 
operated  in  one  of  three  modes: 

a.  Experimental,  for  R&l),  test,  or  demonstration  purposes  (beneficial  operational 
uses  may  also  be  made  of  data  from  such  systems). 

b.  Operational,  for  the  provision  of  services  on  a continuing  basis  in  accordance 
with  a stated  plan. 

c . Quasi-operation al,  for  the  combined  or  simultaneous  conduct  of  experimenta- 
tion and  provision  of  operational  services. 

4.  The  availability  of  the  data  output  of  remote  sensing  production  systems  may  be: 

a.  Open  access,  when  all  interested  users  are  given  access  to  the  data  on  an  equitable 
and  non-discriminatory  basis. 

b.  Limited  access,  when  access  to  the  data  may  be  limited  by  the  system  operator  on 
a national  or  proprietary  basis. 

1 4]  CHAPTER  11  - U S.  INVOLVEMENT  IN  CIVIL 

REMOTE  SENSING  FROM  SPACE 

A.  The  Basic  Policy  Questions 

1.  In  this  chapter,  we  address  the  basic  question  of  the  U.S.  policy  attitude  toward  a con- 
tinuing future  U.S.  involvement  in  civil  remote  sensing  from  space.  Policies  and  options 
on  the  conduct  of  civil  remote  sensing — to  be  discussed  in  succeeding  chapters — are  heav- 
ily dependent  on  the  intentions  of  die  U.S.  with  regard  to  a continuing  future  involve- 
ment, the  reasons  for  such  involvement,  and  expectations  regarding  benefits  and  other 
consequences. 

2.  The  fundamental  question  is  whether  U.S.  policy  should  be  based  on  the  premist*  that 
the  U.S.  will  continue  to  be  actively  involved  in  civil  remote  sensing  from  space,  in  some 
mode  and  at  a scale  to  be  determined,  for  the  indefinite  future.  If  the  basic  policy  attitude 
is  that  there  are  expected  to  be  significant  benefits,  advantages,  and  opportunities  of  value 
to  the  U.S.  from  such  involvement,  then  institutional  and  other  policies  should  be  direct- 
ed at  the  best  way  of  realizing  these  values.  If,  as  a second  alternative,  the  policy  altitude 
is  that  this  is  a technology  of  uncertain  value  to  V.S.  interests  that  should  remain  indefi- 
nitely in  an  experimental  mode,  policies  should  nevertheless  still  be  directed  at  achieving 
the  maximum  values  for  U.S.  interests  from  the  continuing  experimental  program. 
Finally,  if  the  policy  attitude  is  that  the  expected  values  do  not  justify  recognition  of  a long- 
term U.S.  involvement  in  civil  remote  sensing,  then  the  implications  for  all  U.S.  interests 
should  be  squarely  faced. 

5.  To  arrive  at  the  appropriate  policy  altitude  toward  civil  remote  sensing  at  this  time 
and  the  implications  of  the  alternatives,  we  will,  in  the  following  sections,  (a)  review  the 
wide  variety  of  U.S.  interests  that  may  be  served  by  civil  remote  sensing  from  space,  (b) 
give  the  consultants’  views  on  the  considerations  that  should  determine  the  U.S.  policy 
attitude,  (c)  state  the  conclusions  on  U.S.  policy  attitudes  readied  by  the  consultants,  and 
(d)  indicate  the  consequences  of  these  conclusions  which  will  be  discussed  in  the  remain- 
der of  the  report. 
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B.  The  Manifold  U.S,  Interests  in  Civil  Remote  Sensing 

1.  The  U.S.  interests  that  can  be  served  by  civil  remote  sensing  from  space  are  of  many 

different  kinds.  We  will  group  them  under  the  headings  of  technical,  public,  economic, 

and  international  interests. 

2.  Technical  Interests 

a.  Basic  scientific  knowledge  and  understanding.  Remote  sensing  from  space  pro- 
vides a means  to  learn  about  the  earth  on  a global  or  regional  basis,  update  such 
information,  and  provide  data  for  basic  research  on  variotis  aspects  and  features 
of  the  earth.  Currant  administration  policy  properly  stresses  the  national  impor- 
tance of  basic  research.  Remote  sensing  from  space  is  a unique  tool  for  a wide 
range  of  scientific  research  interests. 

1 5 1 b.  Global  capacities.  Remote  sensing  from  space  has  unique  capabilities  to  provide 
information  needed  to  deal  on  a global  basis  with  national  and  international 
problems,  such  as  food  production,  energy  and  mineral  resources,  water  avail- 
ability, and  others,  especially  in  relation  to  developing  countries. 

c.  Support  for  U.S.  decisionmaking.  Remote  sensing  from  space  can  provide  infor- 
mation and  data  useful  for  IJ.S.  decisions,  such  as  current  information  on  crop 
production  in  major  agricultural  countries. 

d.  Technology  development.  Continuing  R&I)  in  remote  sensing  systems  can  pro- 
vide a vehicle  for  achieving  technological  advanc  es  of  significance  in  other  fields 
as  well  as  in  remote  sensing. 

S.  Public  Interests 

a.  Specific  Federal  needs  and  functions.  Earth  information  derived  by  remote  sens- 
ing from  spare  can  make  significant  contributions  to  the  needs  and  functions  of 
Federal  agencies  and  programs  in  many  different  arras,  such  as  weather,  crops, 
climate,  geological  resources,  topographic  mapping,  land  use,  and  environmen- 
tal monitoring.  Significant  contributions  by  remote  sensing  information  systems 
have  been  demonstrated  or  are  clearly  foreseen  in  these  and  other  fields. 

h.  Public  interest  needs  and  benefits.  The  broader  public  interests  of  the  United 
States,  as  distinguished  from  specific  Federal  programmatic  interests,  are  served 
by  making  available  earth  information  from  space  to  States,  localities,  universities, 
and  the  public  at  large,  in  usable  form  at  a reasonable  cost.  State,  regional,  and 
local  authorities  and  universities  and  other  public  interest  groups  can  use  such 
information  in  a variety  of  public  interest  functions,  such  as  land  use  planning, 
environmental  monitoring,  demographic  studies,  etc. 

4.  Economic  Interests 

a.  Economic  interests  of  U.S.  private  sector.  The  availability  of  earth  information 
derived  by  remote  sensing  from  space  can  be  used  to  the  overall  economic  advan- 
tage of  the  United  States  by  private  enterprise  in  a variety  of  fields,  oil  and  min- 
eral exploration  being  two  outstanding  examples. 

b.  U.S.  competitive  position  in  space  technology.  With  the  emergence  in  Europe 
and  Japan  of  strong  competitive  capabilities  and  interests  in  space  technology, 
including  remote  sensing  systems,  it  is  clearly  in  the  U.S.  economic  (as  well  as 
political)  interest  to  maintain  a leadership  position  in  civil  remote  sensing. 
Competitive  areas  include  the  manufacturing  and  servicing  of  satellites,  sensors, 
and  ground  equipment;  the*  dissemination  of  data;  and  the  provision  of  technical 
services  and  assistance  in  the  analysis,  enhancement,  [b]  and  interpretation  of 
remote  sensing  data.  In  each  of  these  fields,  U.S.  industry  and  private  companies 
c an  undoubtedly  compete  successfully  if  the  U.S.  Government  maintains  a con- 
tinuing active  involvement  in  civil  remote  sensing. 
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c.  Reduce  some  U.S,  information  costs.  Cavil  remote  sensing  systems  in  a routine 
operational  mode  may  result  in  reduced  data  collection  costs  for  some  U.S.  gov- 
ernment, State  and  local,  and  private  information  needs.  Such  possibilities  can  be 
meaningfully  explored  only  if' U.S.  policy  calls  for  continuing  active  U.S.  involve- 
ment in  civil  remote  sensing. 

d.  Contribute  to  general  economic  growth.  The  availability  of  civil  remote  sensing 
data  and  its  appropriate  use  in  resource  planning  and  other  fields  can  be  expect- 
ed to  contribute  to  economic  growth,  especially  in  the  less  developed  countries, 
which  should  have  a positive  effect  on  general  economic  growth. 

e.  Return  on  space  investment.  Cavil  remote  sensing  is  an  area  in  which  there  are 
opportunities  for  realizing  returns,  in  the  form  of  economic  and  other  kinds  of 
benefits,  on  the  very  large  national  investment  in  space  of  the  past  two  decades, 
for  relatively  very  small  additional  investments. 

5.  U.S.  International  Interests 

a.  Support  of  U.S.  foreign  policy.  U.S.  involvement  in  civil  remote  sensing  from 
space  can  provide  opportunities  and  a vehicle  for  the  support  of  many  U.S.  for- 
eign policy  objectives.  The  strong  interest  of  many  foreign  countries  in  earth 
information  derived  by  remote  sensing,  combined  with  the  current  U.S.  leader- 
ship role  in  providing  such  information  and  related  services,  make  this  an  area  of 
positive  potential  in  U.S.  foreign  relations. 

b.  Maintain  U.S.  leadership.  Cavil  remote  sensing  is  an  area  in  which  the  U.S.  has 
developed  and  demonstrated  a benign  technology  of  obvious  potential  benefit. 
Active  continuing  U.S.  involvement — exploiting  a dramatic  space  capability  clear- 
ly developed  by  the  U.S. — would  help  maintain  the  fact  and  image  of  U.S.  lead- 
ership in  space.  Conversely,  if  other  nations  take  over  leadership  in  this  field,  the 
overall  leadership  position  of  the  U.S.  would  be  impaired. 

c.  Support  U.S.  position  with  LDCV  U.S.  civil  remote  sensing  activities  can  provide 
a constructive  way  to  support  U.S.  commitments  of  technology  to  assist  less  devel- 
oped countries.  They  can  buttress  the  U.S.  position  in  North/South  dialogues,  in 
the  U.N.  and  other  forums.  For  example,  initiatives  involving  civil  remote  sensing 
might  provide  a constructive  opportunity  for  U.S.  leadership  at  the  U.N.  1979 
Conference  on  Technology  for  Developing  Countries. 

17)  d.  Support  international  cooperation  in  space.  U.S.  commitments  to  service*  foreign 
Uandsat  ground  stations,  while  contractually  limited  to  support  from  U.S.  experi- 
mental satellite  systems,  have  resulted  in  foreign  investments  and  expec  tations 
based  on  the*  assumption  that  U.S.  Uandsat  or  other  generally  compatible  satellite* 
data  will  continue  to  he  available.  It  is  generally  in  the  U.S.  interest  to  fulfill  rather 
than  disappoint  these  expectations. 

e.  Promote  openness.  U.S.  civil  remote  sensing  policies  and  activities  can  be  used  to 
support  the  general  objective  of  treating  open  information  as  an  international 
good,  and  contribute  to  the  development  of  international  law  to  that  end.  They 
can  also  continue  to  support  the  U.S.  policy  to  preserve  without  limitation  the 
legitimacy  of  remote  sensing  from  space,  espec  ially  in  the  context  of  an  active 
U.S.  effort  to  permit  and  help  other  countries  share  in  the  benefits. 

f.  General  international  cooperation.  The  development  of  international  working 
arrangements  in  the  field  of  remote  sensing  from  space  can  provide  the  U.S.  with 
useful  opportunities  to  encourage  international  cooperative  arrangements  to 
deal  with  broader  international  concerns.  It  also  offers  opportunities  to  innovate 
in  building  international  institutions  to  develop  models  of  effective  working  bod- 
ies that  also  meet  requirements  of  participation  and  equity. 
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C.  The  Guiding  Considerations 

1 . 1 he  consultants  believe  that  the  considerations  presented  below  should  guide  and  do 
in  fact  largely  determine  the  basic  policy  attitude  that  should  be  taken  toward  a continu- 
ing U.S.  involvement  in  civil  remote  sensing. 

2.  The  Basis  for  Assessment 

a.  The  assessment  of  the  value  of  the  contributions  of  a continuing  U.S.  involvement 
in  civil  remote  sensing  to  each  of  the  19  U.S.  interests  listed  above  is  necessarily  a 
matter  of  judgment.  Few  cases  at  most  are  susceptible  to  quantitative  or  other  pre- 
cise analysis;  even  in  such  cases  the  assessments  also  depend  on  judgments  regard- 
ing objectives,  criteria,  and  future  eventualities.  An  overall  assessment  of  the 
combined  value  of  remote  sensing  to  all  19  U.S.  interests  is  all  the  more  a matter 
of  judgment,  a judgment  that  must  take  account  of  the  impact  of  continuing  or 
not  continuing  U.S.  involvement  in  civil  remote  sensing  on  each  of  the  different 
U.S.  interests  identified. 

b.  I'he  final  assessment  would  be  simplified  if  there  had  already  emerged  a dramat- 
ic single  beneficial  use  of  civil  remote  sensing  which  provided  an  overriding  jus- 
tification for  an  operational  system  that  was  clear  to  all  concerned  (or  if  there 
were  a clear  overriding  reason  for  discontinuing  U.S.  civil  remote  sensing 
[8j  activities),  (iiven  the  present  situation,  however,  in  which  there  is  room  for 
disagreement  on  the  values  and  benefits  that  can  be  achieved,  it  is  important  to 
recognize  that  remote  sensing  systems  from  space  are  generally  multipurpose  in 
nature;  in  fact,  their  utility  arises  in  good  measure  from  the  wide  variety  of  uses  to 
which  the  data  and  information  they  provide  may  be  put.  The  final  assessment 
has  to  take  tin*  whole  range  of  prospective  uses  into  account. 

8.  A Positive  Assessment 

a.  Iaking  into  account  the  manifold  U.S.  interests  and  the  variety  of  beneficial  uses 
that  can  be  served,  the  consultants  believe  that  there  is  ample  justification  for  a 
continuing  active  U.S.  involvement  in  civil  remote  sensing  from  space.  The  poten- 
tial technical  public  interest,  and  economic  and  international  benefits  and  oppor- 
tunities, while  not  provable  or  even  fully  definable  in  advance,  now  seem  clearly 
to  justify  the  continuing  federal  investment  and  operating  costs  likely  to  be 
required  (see  paragraph  C-5-b.  below). 

b.  In  making  this  assessment,  the  consultants  recognize  and  have  taken  account  of 
the  fact  that  exaggerated  claims  have  been  made  for  benefits  of  civil  remote  sens- 
ing systems.  It  will  lake  time — many  years — to  begin  to  realize  the  full  potential. 
“Overselling,”  especially  with  respect  to  how  soon  experimental  demonstrations 
can  produce  definitive  results,  has  frequently  been  the  response  to  critical  bud- 
getary policies  which  threatened  the  extension  of  R&D  programs  while  demand- 
ing an  early  determination  of  the  value  of  operational  uses.  Policy  acceptance  of 
a continuing  U.S.  program  would  have  the  effect  of  removing  such  a threat  to 
“survival”  and  encourage  more  realistic  long-term  planning. 

c.  The  difficulties  of  unambiguous  justification  must  be  noted.  Estimates  made  to  date 
of  the  economic  benefits  properly  attributed  to  use  of  remote  sensing  have  pro- 
duced wide  assessment  variances.  In  part  this  is  due  to  use  of  different  baselines, 
accounting  differences,  and  the  need  to  predict  future  user  markets  from  a starting 
position  of  a currently  highly  fragmented  user  community.  Other  problems  arise 
from  the  supposition  that  some  users  may  tend  to  disguise  or  conceal  their  own 
authoritative  benefit  estimates  for  commercial  reasons.  Finally,  there  is  no  agreed 
method  for  estimating  the  value  of  public  services  where  remote  sensing  can  pro- 
vide new  or  improved  responses  to  hitherto  inadequate  service  availability. 
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We  consider  that  there  are  unique  attributes  of  remote  sensing  systems,  and  that  their 
utility  resides  in  a complex  mix  of:  (1)  direc  t benefits  presumably  quantifiable  by 
conventional  cost  benefit  analysis,  and  perhaps  less  direct  benefits  accruing  from 
an  increased  tax  base  resulting  from  new  ventures  prompted  by  the  availability  of 
remote  sensing  services  and  products;  (2)  general  benefits  for  [9]  better  decision 
making  by  informed  societies;  (3)  the  payoffs  to  the  public  good  by  basic  invest- 
ments in  information  services;  and  (4)  in  some  cases,  by  fundamental  structural 
changes  in  economic  and  social  welfare  not  capturable  [sic]  by  conventional  (ost 
benefit  analysis  (e.g.,  here  a general  equilibrium  approach  is  relevant,  vice  the  sim- 
pler and  much  less  encompassing  cost  benefit  assessments). 

We  believe  that  there  is  both  merit  in  and  opportunities  for  additional  analyses  by 
which  the  utility,  in  the  broadest  sense,  of  remote  sensing  systems  can  better  be 
measured,  particularly  in  the  case  of  the  latter  three  factors  of  the  preceding  para- 
graph. For  the  immediate  future,  decisions  to  pursue  remote  sensing  must  in  part 
be  founded  on  intuitively  based  social  and  political  rationales.  The  current  lack 
of  fully  quantifiable  utility  assessments  does  not  outweigh  the  preponderance  of 
evidence  that  remote  sensing  systems  should  be  pursued. 

4.  Consequences  of  not  continuing.  The  consultants  have  also  considered  the  implica- 
tions of  alternative  U.S.  policy  attitudes,  e.g.,  a decision  not  to  continue  indefinitely  a U.S. 
involvement  in  civil  remote  sensing  or  a decision  to  defer  still  longer  the  making  of  a deci- 
sion on  a continuing  future  U.S.  involvement. 

a.  A decision  not  to  continue  would  mean  loss  of  the  benefits  and  opportunities  that 
are  the  basis  of  the  favorable  assessment  given  above.  The  consultants  believe  that 
the  potential  of  many  of  these  benefits  is  widely  recognized  both  in  the  U.S.  and 
abroad.  Any  U.S.  policy  implying  or  presaging  U.S.  withdrawal,  now  or  in  the 
future,  from  an  active  role  in  civil  remote  sensing  from  space  would  undoubted- 
ly be  met  by  the  early  development  of'  foreign  systems  designed  to  meet  U.S.  as 
well  as  foreign  needs.  The  consultants  believe  that  such  a loss  of  benefits,  oppor- 
tunities, and  U.S.  leadership  is  unacceptable. 

b.  A decision  to  defer  a decision  would  permit  further  erosion  of  U.S.  opportunities 
and  leadership  and  could  lead  to  results  like  those  cited  immediately  above.  It 
would  also  perpetuate  the  current  unsatisfactory  situation  of  general  uncertainty 
and  generate  further  dissatisfaction  in  Congress  and  among  State,  local,  private 
and  international  users  of  remote  sensing  data  from  space.  The  consultants  are 
convinced  that  the  time  has  come  to  make  a positive  decision. 

5 Some  concerns  addressed.  Two  recurring  concerns  that  have  played  a part  in  policy 
consideration  of  the  U.S.  involvement  in  civil  remote  sensing  need  to  be  noted  and  dis- 
cussed briefly: 

[]()]  a.  Reliance  on  a market  test  of  value.  In  the  determination  of  the  Executive  Branch 
policy  toward  U.S.  involvement  in  civil  remote  sensing  there  has  been  a tendency 
to  judge  the  value  of  possible  operational  uses  in  terms  of  the  willingness  of  the 
user  to  pay  for  the  establishment  and  operation  of  the  system,  and,  therefore,  to 
defer  a policy  commitment  to  continuity  of  data  services  until  the  users  are  will- 
ing and  able  to  commit  themselves  to  providing  the  funds  required. 

The  logic  and  appropriateness  of  this  approach  have  been  criticized  on  many 
grounds.  Thus,  it  has  been  pointed  out  that  in  the  private  sector  individual  cus- 
tomers are  not  expected  to  finance  in  advance  the  investment  costs  necessary  to 
produce  a product  or  establish  the  capability  for  providing  a service,  li  is  also 
pointed  out  that  making  data  continuity  dependent  on  demonstrated  benefits 
and  user  commitments  to  operational  use  tends  to  place  the  program  in  a “Catch 
22”  situation  because  of  the  lead  times  involved:  the  decision  on  data  continuity 
has  to  he  faced  before*  the  demonstrations  needed  for  a commitment  have  been 
completed. 
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Another  criticism  relates  to  the  tendency  to  regard  the  principal  federal  user  agencies 
as  the  “market”  for  civil  remote  sensing  and  to  judge  t he  need  lor  an  operational 
system  based  on  their  willingness  to  budget  lor  the  cost.  As  shown  by  our  listing 
of  the  many  U.S.  interests  in  civil  remote  sensing,  the  direct  mission  interests  of 
federal  agencies  represent  only  a fraction  of  the  overall  U.S.  interest.  No  federal 
agency  has  mission  interests  broad  enough  to  represent  the  total  “market.”  In  any 
case,  the  federal  budget  process  is  at  best  a very  imperfect  “market  place”;  to  give 
one  example,  federal  agencies  do  not  have  the  options  for  separate  financing  of 
capital  investment  that  are  normally  followed  in  the  private  sector. 

The  consultants  agree  that  users  of  civil  remote  sensing  should  pay  a reasonable  charge 
for  the  data  products  they  receive  (transparencies,  prints  tapes,  etc.),  and  would 
expect  such  charges  to  cover  the  out-of-pocket  costs  of  producing  them.  The  ques- 
tion of  further  recoupment  of  costs  should  receive  further  study;  such  study  must, 
however,  give  full  recognition  to  the  public  interest  benefits  of  civil  remote  sensing 
for  which  there  may  be  not  identifiable  customers  to  charge  and  to  the  broader 
national  U.S.  interests  served  by  civil  remote  sensing  that  are  not  the  budgetary 
responsibility  of  any  federal  department  or  agency.  The  basic  policy  decision  on 
continuing  U.S.  involvement  in  remote  sensing  should  be  made  on  an  overall 
national  policy  basis  and  not  depend  on  user  funding  commitments  or  resolution 
in  advance  of  the  complex  questions  of  user  charges  and  cost  recoupment. 

[II]  b.  Scale  of  funding  and  other  commitments.  The  budgetary  costs  of  a continuing 
U.S.  involvement  in  civil  remote  sensing  are  a matter  of  legitimate  concern  and 
deserve  careful  consideration;  an  early  priority  should  be  given  to  the  develop- 
ment of  cost  projections  for  the  principal  programmatic  options. 

Current  rough  NASA  projections  (which  require  validation  and  refinement)  suggest 
that  a constructive  evolution  of  operational  civil  remote  sensing  data  services, 
including  production  and  dissemination  of  data  to  primary  users  and  analysis 
centers,  could  be  accommodated  within  a budget  averaging  somewhere  in  the 
range  of  $150  to  $500  million  per  year  (FY  1979  dollars)  over  the  next  decade.  In 
addition,  there  would  be  a need  for  strong  continuing  R&D  and  experimental 
applications  efforts  (where  some  savings  might  result  from  the  availability  of  oper- 
ational services)  and  some  added  user  analysis  costs  required  as  federal  agencies 
learn  to  take  full  operational  advantage  of  remote  sensing  and  to  combine  these 
data  with  data  from  their  conventional  sources. 

Costs  of  this  magnitude,  while  considerable,  do  not  constitute  a major  or  “uncontrol- 
lable” budget  threat.  Insofar  as  they  go  beyond  R&D,  they  can  be  regarded  con- 
ceptually as  a necessary  new  element  in  the  Nation’s  continuing  overall 
investment  in  space  technology — an  essential  step  for  realizing  benefits  from  this 
investment  that  would  otherwise  be  lost. 

The  implications  of  an  “operational  commitment,”  in  the  sense  of  an  assurance  of 
continuity  of  data  services,  may  sometimes  be  exaggerated.  On  the  space  segment 
side,  the  provision  of  continuous  data  services  would  not,  in  principle,  have  to 
represent  a major  expansion  over  a continuing  R&D  effort.  Reasonable  data  con- 
tinuity has  been  maintained — in  fact  if  not  by  policy — by  R&D  satellites  since  the 
launching  of  IANDSAT-1;  the  additional  costs  required  in  the  future  can  be  min- 
imized by  careful  integration  of  R&D  and  operational  planning.  On  the  user  side, 
the  necessary  expenditures  by  each  using  agency  can  be  decided  on  a case-by-case 
basis,  since  each  use  has  its  own  timetable  of  operational  need  and  readiness. 
Policy  decisions  assuring  data  continuity  and  a continuing  future  U.S.  involve- 
ment in  civil  remote  sensing  should  be  backed  up  by  the  budgetary  support 
required.  However,  the  commitment  level  for  a continuing  U.S.  involvement  and 
the  commitments  of  each  federal  user  can  be  controlled  through  the  regular  bud- 
get process. 
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L On  the  basis  of  the  considerations  discussed  above,  the  consultants’  conclusions  on 
the  basic  question  of  U.S.  policy  attitude  toward  civil  remote  sensing  are  as  follows: 

[ 12]  a.  U.S.  policy  should  accept  that  the  U.S.  should  and  will  be  actively  involved  in  civil 
remote  sensing  from  space  for  the  indefinite  future. 

1).  The  Federal  Government  should  establish  and  support  affirmative  policies  in  its 
continuing  involvement  in  civil  remote  sensing  from  space,  directed  at  realizing 
the  potential  benefits  and  taking  advantage  of  the  opportunities,  both  domestic 
and  international. 

2.  Six  significant  policy  consequences  the  consultants  see  as  flowing  from  the  above  con- 
clusions on  the  basic  policy  attitude  are  outlined  below.  The  first  three  are  discussed 
briefly  below;  the  last  three  require  more  extended  discussion  and  are  addressed  in  the* 
succeeding  chapters  of  the  report. 

a.  The  need  for  data  continuity.  Using  interests  require,  in  varying  degrees,  reason- 
able assurances  on  the  nature,  frequency,  and  other  characteristics  of  remote 
sensing  information  that  will  be  available  and  on  the  period  of  time  in  the  future 
for  which  it  will  be  available.  As  noted  above,  it  has  been  unreasonable  to  expect 
significant  investment  or  other  operational  type  commitments  by  using  interests 
in  the  absence  of  a clear  expectation  on  their  part  that  the  information  or  data 
needed  will  be  available  for  a period  that  will  justify  the  commitments  they  have 
to  make.  User  lead  times  for  operational  preparations,  and  remote  sensing  sys- 
tems lead  times  for  maintaining  flow  of  data,  dictate  the  necessity  of  a long-term 
plan  for  data  and  continuity. 

The  consultants  have  concluded  that  (1)  without  a long-term  (periodically  updat- 
ed) plan  for  data  continuity,  U.S.  remote  sensing  from  space  activities  are  not  like- 
ly to  generate  the  user  commitments  needed  to  realize  the  potential  benefits,  and 

(2)  a policy  commitment  to  such  a plan  is  an  essential  cornerstone  of  any  con- 
tinuing U.S.  involvement  in  civil  remote  sensing.  The  planning  of  the  technical 
characteristics  of  the  data  to  be  provided  should  take  account  of  the  needs  of 
Federal,  State,  local,  private,  and  international  users.  The  consultants  note  that  in 
the  nature  of  things  there  cannot  be  an  absolute  or  permanent  commitment,  and 
that  a policy  commitment  can  always  be  rescinded  in  the  event  that  a future  zero- 
base  review  shows  that  it  is  no  longer  warranted. 

b.  The  need  for  continuing  R£D.  It  must  be  recognized  that  remote  sensing  systems 
are  based  on  a very  dynamic  technology  and  that  new  possibilities  for  data  col- 
lection and  beneficial  uses  will  continue  to  be  discovered  in  the  years  ahead.  I his 
makes  it  essential  that  and  the  consultants  conclude  that: 

[13]  (1)  Strong  and  imaginative  programs  of  technological  R&l)  and  experimental 

applications  must  continue  to  receive  a high  priority. 

(2)  Remote  sensing  information  systems  should  not  become  frozen  to  a particu- 
lar technology'. 

(3)  At  the  same  time,  the  strong  focus  on  advancing  technology  must  not  be  per- 
mitted to  obstruct  the  use  of  existing  or  lower  technologies  in  operational  sys- 
tems when  it  is  economically  or  technically  advantageous  to  do  so. 

(4)  A close  coupling  must  be  maintained  between  R&D  and  operational  activities 
in  remote  sensing  information  systems.  Provision  should  be  made  whenever 
feasible  for  operational  uses  of  remote  sensing  information  produced  by 
R&l)  systems  or  in  experimental  applications.  Conversely,  the  use  for  experi- 
mental purposes  of  operational  data  and  systems  should  be  encouraged  when 
operational  uses  will  not  be  unacceptably  downgraded. 
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c.  Need  lor  a comprehensive  plan.  Given  acceptance  of  the  fact  of  a continuing  l;.S. 
involvement  in  civil  remote  sensing,  the  consultants  conclude  that  a high  priori- 
ty should  be  given  to  the*  development,  approval,  and  periodic  updating  of  a com- 
prehensive plan  to  guide  U.S.  Government  activities  in  civil  remote  sensing. 
Preparation  of  an  initial  version  of  the  comprehensive  plan  should  be*  the  first 
order  of  business  once  there  has  been  (a)  policy  acceptance  of  continuing  U.S. 
involvement  in  civil  remote*  sensing  and  (b)  a lead  agency  has  been  designated 
(see  next  section).  In  the  consultants’  view  these  two  actions  can  and  must  be 
taken  prior  to  the  development  of  an  initial  comprehensive  plan,  because  a mean- 
ingful plan  cannot  be*  develope  d without  a decision  on  the  U.S.’s  basic  policy  atti- 
tude toward  civil  remote  sensing,  as  previously  discussed,  or  without  a lead  agency 
with  the  nec  essary  authority  and  competence,  as  will  be  discussed  below  and  in 
Chapter  III.  Essential  characteristics  of  the  comprehensive  plan  should  include 
the  following: 

( 1 ) The  plan  should  cover  programmatic,  technical,  and  procedural  plans  for  the 
collection  and  dissemination  of  civil  remote  sensing  data  and  for  providing 
assistance  and  other  services  to  users.  It  should  cover  R&D  and  experimental 
activities  as  well  as  the  provision  of  services  on  an  operational  basis. 

(2)  The  plan  should  also  cover  institutional  plans  for  the  conduct  and  appropriate 
evolution  of  Federal  activities  related  to  civil  remote  sensing,  including  provi- 
sion for  ef  fective  participation  by  all  federal  agencies  concerned  and  other  user 
I 1 4 1 interests  (State,  local,  private,  and  international)  in  the  decision  process 
on  the  technical  and  other  characteristics  of  the  data  services  to  be  provided. 

(3)  'I'he  plan  must  be  as  realistic'  as  possible,  both  in  technical  expec  tations  and 
projected  schedules. 

(4)  I'he  plan  should  reflect  a phased  approach  to  future  decisions  and  commit- 
ments, i.e.,  it  should  avoid  predetermining  matters  that  can  be  left  to  future 
decision  and  should  indicate  as  clearly  as  possible  the  timing,  extent,  and 
implications  of  the  commitments  required. 

d.  Need  for  designation  of  a lead  agency.  Acceptance  of  the  policy  that  there*  will  be 
a continuing  U.S.  involvement  in  civil  remote  sensing  underscores  the  urgent 
need — one  that  has  been  evident  for  some  time — for  the  designation  at  the  ear- 
liest possible  date  of  a lead  agency  for  U.S.  civil  remote  sensing  activities.  Chapter 
HI  below  is  devoted  to  a discussion  of  the  needs  for  a lead  agency,  the  functions 
it  should  perform,  the  criteria  and  options  for  its  selection,  and  the  consultants' 
conclusions  on  the  agency  that  should  be  designated.  Chapter  V inc  ludes  some 
further  discussion  ol  proposed  lead  agency  activities. 

e.  The  need  for  attention  to  international  involvement.  A continuing  future  U.S. 
involvement  in  civil  remote  sensing  will  clearly  require  attention  to  international 
interactions  that  are  (1)  necessary  because  of  the  global  nature  of  remote  sens- 
ing, existing  U.S.  international  commitments,  and  actions  that  have  been  or  may 
be*  taken  by  other  countries,  the  U.N.,  ESA,  etc.,  or  (2)  desirable  for  U.S.  interests 
or  for  general  international  interests  as  seen  by  the  U.S.  Alternatives  for  interna- 
tional institutional  arrangements  are  discussed  in  Chapter  IV.  The  proposed  con- 
cept for  a U.S.  national  system  presented  in  Chapter  V provides  for  international 
involvement  under  several  scenarios. 

f.  flu*  need  for  a U.S.  system  concept.  Finally,  there  is  a need  to  develop  a viable 
conceptual  framework  for  the  continuing  future  involvement  of  the  U.S.  in  civil 
remote*  sensing.  Chapter  V presents  a proposed  concept  of  a U.S.  national  system 
that  is  consistent  with  the*  policy  conclusions  of  the*  preceding  chapters,  discusses 
some  policy  issues  involved,  and  outlines  alternative  scenarios  for  implementing 
such  a system. 
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Document  11-31 

Document  title:  Zbigniew  Brzezinski,  The  White  House,  Presidential  Directive/NSC-54, 
“Civil  Operational  Remote  Sensing,”  November  16,  1979. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

When  the  Nixon  administration’s  Bureau  of  the  Budget  agreed  to  finance  an  experimental  multi- 
agency Earth  resources  observation  program  in  1970 , it  was  on  the  condition  that  such  a system 
would  have  to  prove  its  effectiveness  before  any  commitment  to  an  opera  t ion  a l p rogra  m . In  197H  and 
1 979 ; the  (sir ter  administration  commissioned  studies  to  deter  mine  what  should  be  done  with  the 
Landsat  program.  The  first  study  (Document  11-30)  concluded  that  the  federal  government  should 
move  to  a n operational  system  run  by  NASA.  The  second  study,  however;  focused  on  the  feasibility  of 
turning  control  of  the  Landsat  system  over * to  private  industry.  It  was  this  second  study  that  carried 
more  weight  in  the  deliberations  leading  to  Presidential  Directive /NS( ',-*>4 . This  document  outlines  the 
November  1979  decision  by  President  Jimmy  Carter  to  name  the  Defmrt  merit  of  Commerce's  National 
Oceanic  and  Atmospheric  Administration  (NO A A)  the  lead  agency  for  the  Landsat  program.  Also , 
NO  A A would  be  responsible  for  exploring  ways  to  increase  private-sector  involvement. 


November  1(»,  1979 


Presidential  Directive/NSC-54 

TO:  The  Secretary  of  State 

The  Secretary  of  Defense 
The  Secretary  of  Interior 
The  Secretary  of  Agriculture 
The  Secretary  of  Commerce 
The  Secretary  of  Transportation 
The  Secretary  of  Energy 

The  Director,  Office  of  Management  and  Budget 
The  Assistant  to  the  President  for  Domestic  Affairs  and  Policy 
The  Administrator,  Agency  for  International  Development 
The  Director,  Arms  Control  and  Disarmament  Agency 
The  Chairman,  Joint  Chiefs  of  Staff 
Fhe  Director  of  Central  Intelligence 

I he  Administrator,  National  Aeronautics  and  Space  Administration 
The  Administrator,  Environmental  Protection  Agency 
Fhe  Director,  Office  of  Science  and  Technology  Policy 
The  Director,  National  Science  Foundation 

SUBJECT:  Cavil  Operational  Remote  Sensing 

The  President  has  approved  the  civil  space  policy  discussed  below.  The  policy  ampli- 
fies that  established  in  PD/NSC-37 — National  Space  Policy  and  PD/NSC-42 — Cavil  and 
Further  National  Space  Policy.  . . . 

[in  the  original,  there  was  still  a “blacked-out”  classified  area  of  the  document  in  this  position] 

2.  1AND  PROGRAMS.  The  National  Oceanic  and  Atmospheric  Administration 
(NOAA)  of  the  Department  of  Commerce  is  assigned  the  management  responsibility  for 
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civil  operational  land  remote  sensing  activities  in  addition  to  its  ongoing  atmospheric  and 
oceanic  responsibilities.  Initially;  the  operational  land  remote  sensing  system  from  space 
will  be  based  on  LANDSAT  technology.  Commerce's  initial  responsibility — in  coordina- 
tion with  other  appropriate  agencies — will  be  to  develop  a time-phased  transition  plan 
covering:  (1)  a Program  Board  (discussed  below);  (2)  organization  for  management  and 
regulation;  (3)  system  financing  including  pricing  policies  for  the  users!']  sharing  of 
costs;  (4)  technical  programs;  (5)  establishment  of  private  and  international  participa- 
tion; (6)  identification  of  facilities  (including  the  EROS  data  center),  hardware,  and  per- 
sonnel that  should  be  transferred;  and  (7)  identification  of  actions  such  as  executive 
orders  and  legislation  required.  Commerce  will  submit  to  OMB  a preliminary  implemen- 
tation plan  by  December  15,  1979,  covering  any  required  FY  1981  budget  adjustments  and 
a final  transition  plan  by  June  1,  1980. 

a.  Federal  Management  Mechanism.  Commerce  will  establish  and  chair  a Program 
Board  for  continuing  federal  coordination  and  regulation  with  representatives  from  the 
involved  federal  organization  (e.g.,  Defense,  Interior,  Agriculture,  Transportation, 
Energy,  State,  NASA,  CIA,  AID,  EPA,  and  Executive  Office  of  the  President). 
Organizations  such  as  the  National  Governors’  Association  and  National  Conference  of 
State  Legislatures  will  be  asked  to  participate  as  necessary.  The  Board  will  forward  rec- 
ommendations on  unresolved  policy  issues  to  the  Policy  Review  Committee  (Space)  for 
consideration  and  action. 

b.  Private  Sector  Involvement.  Our  goal  is  the  eventual  operation  by  the  private  sec- 
tor of  Our  civil  land  remote  sensing  activities.  Commerce  will  budget  for  further  work  in 
KY  1981  to  seek  ways  to  enhance  private  sector  opportunities  (e.g.,  joint  venture  with 
industr  y,  a quasi-government  corporation,  leasing  etc.).  Commerce  will  be  the  contact  for 
private  industry  on  this  matter  and  with  the  Program  Board  will  analyze  any  proposals 
received  prior  to  submitting  policy  issues  to  the  Policy  Review'  Committee  (Space)  for  con- 
sideration and  action. 

c.  International  Participation.  The  United  States  will  generally  support  non- 
dist  riminatory  direct  readout  to  foreign  ground  stations  to  continue  our  present  policy 
and  to  provide  data  to  foreign  users  under  specified  conditions.  Pricing  policies  must  be 
developed  that  are  consistent  for  foreign  and  domestic  users.  We  will  promote  develop- 
ment of  complementary  nationally  operated  satellite  systems  so  as  to  limit  US  program 
costs,  but  protect  against  unwarranted  technolog)'  transfer. 

3.  WEATHER  PROGRAMS.  Defense  and  Commerce  will  maintain  and  coordinate  dual 
polar  orbiting  meteorological  programs.  We  will  continue  procurement  of  current  satel- 
lite systems  with  Defense  and  Commerce  each  operating  separate  satellites  to  meet  the  dif- 
fering needs  of  the  military  and  civil  sectors.  When  any  new  polar  orbiting  satellites  are 
justified  they  will  be  jointly  developed  and  procured  by  Defense,  Commerce  and  NASA  to 
maximize  technolog)'  sharing  and  to  minimize  cost.  An  appropriate  coordination  mecha- 
nism will  be  established  to  assure  effective  cooperation  and  to  prevent  duplication. 

4.  OCEAN  PROGRAMS.  If  a decision  is  made  to  develop  oceanographic  satellites,  joint 
Defense/ Commerce/NASA  development,  acquisition  and  management  will  be  pursued. 
A Committee  will  be  established,  with  the  above  representation  expanded  to  include 
State*,  CIA,  and  NSF.  The  Committee  will  forward  recommendations  on  policy  issues  to 
the  Policy  Review  Committee  (Space)  for  consideration  and  action. 
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Document  11-32 

Document  title:  David  S.  Johnson,  Chairman,  Satellite  Task  Force,  Planning  for  a Civil 
Operational  Land  Remote  Setts  i rig  Satellite  System:  A Discussion  of  Issues  and  Options  (Rockville, 
MD:  U.S.  Department  of  Commerce,  National  Oceanic  and  Atmospheric  Administration, 
June  20,  1980),  pp.  1-16. 

Source:  National  Oceanic  and  Atmospheric  Administration,  Rockville,  Maryland. 

Established  hy  Presidential  Decision  Directive  (PI )D)  42,  an  interagency  task  force  charged  with  study- 
ing options  for  privatizing  all  or  part  of  the  nation's  remote-sensing  systems  concluded  that  such 
action  was  premature , but  that  more  private-sector  involvement  was  appropriate.  Consequently , in 
November  1979  Presidential  Directive  54  deneed  that  NOAA  temporarily  manage  the  Landsat  sys- 
tem while  also  studying  ways  to  increase  private-sector  involvement,  7 'he  resulting  study  was  released 
in  June  1 9 SO,  but  its  recommendations  were  swept  aside  as  the  Reagan  administration  entered  office 
with  its  own  agenda  for  Landsat.  What  follows  is  the  executive  summary  of  that  study. 


Planning  for  a Civil  Operational 
Land  Remote  Sensing  Satellite  System: 

A Discussion  of  Issues  and  Options 

June  20,1980 

Satellite  Task  Force 
David  S.  Johnson,  Chairman 

| 1 ] EXECUTIVE  SUMMARY 

This  document  discusses  the  issues  and  options  relating  to  a national  civil  operational 
land  remote  sensing  satellite  system  pursuant  to  the  President’s  decision  to  assign  to  the 
National  Oceanic  and  Atmospheric  Administration  of  the  Department  of  Commerce  the 
management  responsibility  for  civil  operational  land  remote  sensing  satellite  activities. 
Phis  document,  prepared  by  the  Commerce  Department  (Commerce),  in  coordination 
with  other  interested  agencies;1  2 discusses  the  issues  involved  in  implementing  an  opera- 
tional land  remote  sensing  system  from  space,  initially  based  on  Landsat  technology,  with 
the  goal  of  eventual  private  sector  ownership  and  operation  of  the  system.  Some  policy 
and  technical  options  related  to  implementing  an  operational  system  are  contained  in  this 
document,  but  decisions  on  these  options  will,  for  the  most  part,  await  the 
Administration’s  FY  1982  budget  review  and  subsequent  actions. 

A land  remote  sensing  satellite  system  provides  information  about  the  condition  of 
the  Earth’s  surface  by  a process  of  sensing  radiation  from  objects  on  the  Earth.  The  sys- 
tem! use's  sensors  located  on  satellites  which  transmit  the  data  to  ground  receiving  stations 


1 . Thr  White  I louse  Press  Release  of  November  20,  1070,  announcing  this  derision  is  appended  In  this 
Summary  as  Attachment  A. 

2.  I he  National  Aeronautics  and  Space  Allministration,  the  Departments  ol  Agriculture,  the  Interior. 
Knergv,  State,  and  Defense,  the  Agency  for  International  Development,  tin*  I nvinminental  Protection  Agency, 
and  the  Director  of  Central  Intelligence. 
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for  processing  mlo  usable  data  products.  The  current  system  is  largely  an  experimental 

NASvt'  ? I f managed  by  the  National  Aeronautics  and  Space  Administration 
(NASA)  Information  from  the  system  has  proven  of  value  to  a variety  of  public  and  pri- 

such  areas  asTrr"  b’  1 abr<>ad  for  holPinK  to  mak‘‘  decisions  related  to 

; , , , agricultural  crop  forecasting,  rangeland  and  forest  management,  mineral 

a"  ' |K’  t‘U"1  ('xP  °,a,,on'  mapping,  "'ban  and  regional  land  use  planning,  water  qual- 

il\  H.sst  ssment  and  disaster  assessment. 

f 2 J Background 

from' sir Sl,aT'  0f  "T  I>rt  si‘,<‘n,  S dedsio"  *‘‘Sarding  civil  operational  remote  sensing 
1 paCt  (lllmi"aied  a iwo_vcar  Administration  review  of  the  nation’s  space  polity 
Huring  this  period,  the  Policy  Review  Committee  (Space)  was  established  and  national 

lhed°s,TU<'  InOK,i,mS  WaS  ‘la,i,k  d In  Ma>'  1978’  [,u'  President  announced  that  the 
, States  will  en<  outage  domestic  commercial  exploitation  of  space  capabilities 
undei  appropriate  U S.  authorization  and  supervision.  Further,  in  October  1078  the 
I resident  made  a commitment  to  continue  the  availability  of  data  from  the  I, incisal' oro- 
gram  for  all  classes  o users.  In  his  March  27,  1979,  Science  and  Technology  Message,  the 
t c.sidc  nt  reiterated  his  Administration’s  commitment  to  die  continuity  of  land  remote 
Miisiiig  satellite  data  over  the  coining  decade.  Subsequently,  Dr.  Frank  Press  du- 
ll Wn  " STe,,U<‘  /yV'S01'  '"Administration  testimony  before  the  Senate  Subcommittee 
IS  . a,KIl  Sl,a<t'  AP'iI  9.  1979,  stated  that  “the  Administration  is 

minuted  to  an  opeiational  remote  sensing  system,  although  vet  undefined." 

From  October  1978,  through  the  summer  of  1979,  Executive  Branch  agencies  exam- 

; I’°,Cn,|lal  for  T**™1"*;  V s-  <ivil  ™te  sensing  satellite  programs  and  for  pri- 
‘ ' involvement  in  U.S.  c ivil  space  activities.  They  recommended  that  all  U S c ivil 

operational  remote  sensing  programs  he  managed  by  a single  agency.  The  agencies  also 
c potted  that  the*  private  sector  would  he  interested  in  assuming  more  responsibility  for 

,a,U  Tm&nl  ST'  i,1  F<'(U‘,  al  P°'k-y  and  «**  -•-unties  were  c lrn  ik  d 

l Novc  tn bet  I .)/.),  the  I resident  provided  the  framework  within  which  a civil  opera- 
nonal  lane  remote-  sensing  satellite  system  should  he-  implemented,  and  assigned  to  the 
ational  Oceanic  and  Atmospheric  Administration  (NO/\A)  in  Commerce  the  manage- 
ment responstb.  tty  for  civil  operational  land  remote  sensing  ac  tivities  in  addition  to  its 
ongoing  atmospheric  and  oceanic  responsibilities.  NOA.-Vs  related  ongoing  responsibili- 
tu  s inc  lude  managing  the  national  c ivil  operational  meteorological  satellite  program  and 
it  .ranmc-rc e f epai  Iment  s responsibilities  for  a joint  operational  demonstration  hv  the 

IS^TInOSS).  >nSt'  ( ,)K  NASA  and  (lMnmerce  a National  Oceanic  Satellite 

,l)a!1lI!',e<I|XbvCrtiV<-  BraS  S R'VkW  0,,r,e  Se,,sin«  Sa,ellitl'  P'ORia.ns  and  policies  was 
paralleled  by  a series  of  Congressional  hearings  during  the  96th  Congress  on  operational 

land  remote  sensing  from  space,  including  hearings  before  the  House  Subcommittee  on 
^pace  Science  and  Applications  of  the  Committee  on  Science  and  Technology  and  the 
Senate  Subcommittee  on  Science,  Technology  and  Space  of  the  Committee  on 
Cc.mmei re  Science  and  Transportation.  Two  bills  before  the  96th  Congress  focused  on 
opeiational  land  remote  sensing:  S.  663,  introduced  by  Senator  Adlai  K.  Stevenson  which 
proposed  the  establishment  of  an  Earth  Data  and  Information  Service  in  NASA,  and 
S.  87.,,  introduced  by  Senator  Harrison  Schmitt,  which  proposed  the  creation  of  a 
lor  profit  harth  Resources  Information  Corporation. 
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Assumptions 

This  document  was  developed  in  accordance  with  the  following  assumptions,  which 
reflect  the  policies,  established  in  the  President’s  decision  on  evil  operational  remote 
senshig1  and  previous  space  policy  pronouncements,  and  the  prereqmsttes  to  then 

»C*  The  Federal  government  will  ensure  continuity  of  data  during  the  1980s, 

. A national  civil  operational  land  remote  sensing  satellite  system  should  ensure  conti- 
nuity of  data  and  the  appropriate  reliability  and  timeliness  of  standard  data  products, 

. User  requirements,  pr^c.tLl  levels  of  demand  and  the  cos,  of  meet, ng  these  requtre- 
merits  should  determine  the  design  of  the  operational  system, 

. The  Administration’s  goal  is  eventual  private  sector  ownership  and  «P^uon  of  ,1 
operational  system,  which  includes  the  assumption  of  financial  risk,  as  well  as  op 

tional  control  by  the  private  operator,  . 1 fivlt  ensure 

. Prices  for  land  remote  sensing  satellite  products  should  lx-  set  at  levels  that 
maximum  recovery  of  system  costs  consistent  with  the  public  good, 

. The  practice  of  the  widest  practical  dissemination  of  band  sat  data  on  a public  nondis- 
crimhialory  basis  will  be  continued  for  the  data  and  standard  data  products  lion,  the 
Interim  and  Fully  Operational  Systems  in  accordance  with  prevailing  U.S.  national 

141  • <Fventual  private  sector  ownership  and  operation  of  the  U.S.  program  will  be  con- 
iited  un^f  Federal  government  regulation,  consistent  with  U.S.  polices  and  mterna- 

r^^rationa,  land  remote  sensing  satellite  program  is  a national 

responsive  to  Federal  interests  and  U.S.  user  requirements.  Due  regard  will  given 
to' foreign  user  interests  and  to  foreign  participation  ,n  the  U.S.  program; 

. NOAA  will  manage  the  operational  system  until  a new  institutional  framewotk 

established. 

The  Present  Landsat  System 

The  existing  Landsat  system  consists  of  one  satellite,  I-andsat  3,  launched  in  1978, 
t ; r.wc.s  the  F irth  once  everv  18  days  and  transmits  sensed  data  horn  an  on-boaid 
multi-spectral  scanner  (MSS)  and  two  return  beam  vidicon  (RBV)  cameras  back  to  Fait 
5 U.S.  or  foreign  ground ,,a,  ion,  or  indire.  .1,  Iron, 

recorder  which  stores  data  until  the  satellite  is  within  range  of  a U.S.  gi  omul  st.  t torn 
NASA’s  Goddard  Space  Flight  Center  controls  the  satellite  and  performs  the  initial  p - 
passing  of  the  data  transmitted  to  Goddard  from  U.S.  ground  slattons  vta  clomestu 

communications  satellite  (DOMSAT).  ,,  ,,  o ti  ryjknta 

At  the  Department  of  the  Interior’s  EROS  Data  Center  m Sioux  Falls,  South  Dakota 

the  Goddard  preprocessed  high  density  digital  tapes  are  archived  and  further  processed 
into  standard  data  products  (either  computer  compatible  tapes  or  photogtaphic  »naM“  ) 
for  driJemhmtion  to  domestic  and  foreign  users  at  the  cos,  of  processing  the  order ; a.  d 

reproduction.  Similar  preprocessing,  processing,  archiving  ant  c ‘^"’''I’^adi  rectVrom 
are  performed  by  the  nine  foreign  ground  stations  that  now  leceivc  data  dirett 

TwtVaddititinal  satellites,  landsat  D and  D’,  currently  are  under  construction,  with 
l -incisal  D tentatively  planned  for  launch  in  1982.  The  landsat  D senes  of  sate  hies  is 
designed^  to  carry  a new  sensor,  the  Thematic  Mapper  (TM),  winch  vvtll  prov.de  30m 
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resolution*  for  the  first  time,  as  well  as  the  MSS,  and  to  use  the  Tracking  and  Data  Re  lav 
[5]  Satellite  System  (TDRSS)  for  relay  of  data  direct  from  Landsat  to  a single  IJ.S.  ground 
station  at  White  Sands,  New  Mexico.  To  provide  continuity  with  data  from  previous 
Landsats,  the  multispectral  scanner  (MSS),  which  provides  80m  resolution,  will  continue 
t°  deployed  on  landsat  D and  D\  Direct  readout  of  sensor  data  to  foreign  ground  sta- 
tions will  he  continued. 

Because  of  difficulties  in  developing  the  TM  and  the  associated  ground  data  process- 
ing system,  NASA  is  considering  launching  Landsat  D without  TM  in  1982,  to  be  followed 
by  Landsat  I)  with  TM  later.*  Current  estimates  for  the  operational  preprocessing  of 
Landsat  D and  IV  data  at  Coddard  are  200  MSS  scenes  per  day  beginning  no  earlier  than 
198S  and  up  to  50  TM  scenes  per  day  when  the  TM  system  becomes  operational  possibly 
no  earlier  than  1985.  K 

The  Interim  and  Fully  Operational  Systems 

A fully  operational  land  remote  sensing  system  that  meets  optimal  performance  stan- 
dards tan  be  implemented  at  the  earliest  in  1989,  given  best  estimates  of  the  state  of  the 
art  advances  in  sensors  and  the  time  required  for  Federal  contracting  procedures  if  they 
are  used.  Until  that  time,  extension  of  the  Landsat  D system  can  ensure  that,  after  1988, 
the  commitment  to  continuity  of  data  during  the  decade  of  the  1980s  is  met. 

From  a technical  standpoint,  the  following  performance  standards  have  been  identi- 
fied as  applicable  to  a high  quality  operational  system: 

Sensors  designed  to  generate  data  meeting  a broad  range  of  user  requirements  at  a 
reasonable  price; 

Assured  continuity  of  satellite  coverage  without  break,  with  one  backup  satellite  in 
orbit  at  all  times  and  another  on  the  ground; 

• 95%  confidence  that,  averaged  over  a two-day  period,  all  data  will  be  processed  and 
made  available  from  the  ground  station  within  48  hours  of  receipt;  and 

• Ability  to  identify  and  process  certain  data  out  of  order  to  meet  urgent  user  needs. 

1 6]  However,  the  extent  to  which  these  compabilities  [sic]  are  pursued  will  depend  upon 
their  full  capital  and  operating  costs  and  the  demonstrated  existence  of  an  adequate  pri- 
vate and  Federal  market  to  justify  such  costs. 

While  sensors  specifically  designed  to  generate  data  meeting  a broad  scope  of  user 
requirements  cannot  be  provided  until  the  late  1980s,  the  Landsat  D sensors  can  be  used 
as  the  basis  for  an  interim  system  which  will  help  to  ensure  continuity  of  data  during  the 
1980s  and  meet  many  user  needs. 

The  Administration  is  currently  reviewing  the  Landsat  D system  to  set1  where  improve- 
ments may  be  required  to  ensure  data  continuity  during  the  1980s.  For  instance,  the  cur- 
rent Landsat  system  includes  no  satellites  after  Landsat  D\  Anticipated  gaps  in  spacecraft 
(overage  of  several  years  between  about  1986  and  the  initiation  of  a fully  operational  sys- 
tem may  have  to  be  filled  by  the  construction  of  one  or  more  satellites  or  by  the  refur- 
bishment of  Landsat  1).  In  addition,  changes  in  the  Landsat  D ground  segment  may  be 
required  to  minimize  the  risk  of  losing  some  data  or  having  an  excessively  long  delay  in 
processing  some  data.  The  Landsat  I)  system,  with  any  follow-on  satellites  and  ground  sys- 
tem improvements,  has  been  designated  the  “Interim  Operational  System.” 

The  earliest  possible  date  by  which  all  four  performance  standards  for  a high  quality 
operational  system  could  be  met  is  1989,  when  the  R&D  necessary  for  the  new  solid  state, 


•*’  r}u‘  Unn  “resolution,"  as  used  in  this  doc  ument,  refers  to  the  instantaneous  field  of  view  (IFOV). 

4 The  Administration  is  also  considering  other  alternatives  suc  h as  delaying  die  launc  h of  1 anclsat  I) 

until  I9H3  when  the  TM  sensor  will  lx-  ready. 
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multilinear  array  sensors  should  have  been  completed,  and  the  sensors  will  have  been  fab- 
ricated tested,  and  incorporated  into  either  an  existing  multi-mission  modular  spacer  rail 
(MMS)  or  a new  spacecraft.  The  Landsat  D system  so  modified  is  designated  the  Hilly 

Operational  System.”  t , 

A decision  on  when  to  implement  the  Fully  Operational  System  requites  caielu 
examination  oi  the  Federal  government’s  priorities,  needed  financial  assistance,  pi  lvate 
sector  willingness  to  invest  in  and  take  over  the  system,  user  demands  during  the  interim 
system  and  the  potential  risk  of  foreign  satellite  systems  obtaining  a portion  of  the  domes- 
tic and  foreign  land  remote  sensing  market. 

Management  Arrangements  for  the  Interim  Operational  System 

Certain  changes  in  management  responsibility  will  take  place  as  the  Inlei im 
Operational  System  is  implemented.  Although  the  exact  dates  for  transferring  managm- 
al  responsibility  to  NOAA  are  subject  to  changes  in  NASA’s  schedule  for  Landsat  1)  NOAA 
plans  to  assume  the  following  responsibilities  from  NASA  and  Interior  on  the  following 

schedule:  „ . , 

[7]  • NOAA  will  assume  responsibility  from  NASA  in  FY  1983  for  the  command  and  ton- 

trol  of  the  system  and  will  In-gin  providing  MSS  data  on  an  operational  basis  after  the  suc- 
cessful launch  and  check-out  of  Landsat  D and  the  MSS  ground  system  and  after  NASA 
has  demonstrated  that  the  system  is  operational.  NOAA  will  assume  responsibility  fot  1 1 
data  when  that  portion  of  the  system  reaches  an  initial  operational  level  of  performanc  e: 

• NOAA  will  assume  responsibility  front  NASA  and  the  EROS  Data  Center  in  f\ 
1983—84  for  the  generation  and  dissemination  of  data  and  standard  data  pioducts. 
Assuming  it  is  cost-effective,  a new  facility  would  be  co-located  with  the  Landsat  1)  pre- 
processing facility  at  Goddard  and  would  be  the  sole  sales  outlet  in  the  United  States 
of  data  and  standard  data  products  from  the  Interim  Operational  System;  and 

• NOAA  will  take  title  to  the  Landsat  archival  material  at  Goddard  and  the  EROS  Data 
Center  in  FY  1984  and  will  lx-  responsible  for  archival  and  dissemination  functions  for 
the  Interim  Operational  System. 

During  the  interim  operational  phase  based  on  the  Landsat  D series  of  satellites, 
NOAA  will  manage  the  system  in  coordination  with  an  interagency  Assistant  Sett  eta  i y 
level  Program  Board.  In  addition,  the  Secretary  of  Commerce  will  establish  a Land 
Remote  Sensing  Satellite  Advisory  Committee  with  representatives  of  state  and  local  gov- 
ernments, other  domestic  non-Federal  users,  and  interested  domestic  private  sector 
groups.  Within  NOAA,  a new  major  line  component,  the  National  Earth  Satellite  Service, 
lias  been  proposed  to  have  managerial  responsibility  for  the  civil  operational  land  remote 
sensing  satellite  program. 


User  Requirements  for  the  Fully  Operational  System 


User  requirements  should  determine  the  design  of  the  fully  operational  land  remote 
sensing  satellite  system.  A survey  of  governmental  and  private  users  indicates  a wide  range 
of  possible  requirements,  depending  on  the  type  of  application  being  considered,  which 

could  j ust ify  differing  types  of  satellite  systems. 

To  assist  NOAA  or  an  eventual  private*  owner  to  develop  a responsive*  operational  sys- 
tern,  a preliminary  survey  of  possible  user  requirements  was  made.  This  survey  indicated, 
[8 j for  example,  that  agencies  that  are  interested  primarily  in  renewable  resource  appli- 
cations si  tell  as  agricultural  crop  assessment  want  frequent  observations,  delivery  of  data 
within  48  hours  in  certain  circumstances,  spectral  bands  that  discriminate  between  various 
types  of  vegetation  and  resolution  higher  than  that  provided  by  the  current  Landsat  sys- 
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U*m.  State  and  local  governments,  requiring  data  for  land  use  management  and  protect- 
ing environmental  quality,  request  higher  resolution  over  urban  and  suburban  areas  and 
time-series  analyses  to  detect  detailed  changes.  The  U.S.  mineral  extraction  and  related 
industries  call  for  stereoscopic'  capabilities,  global  coverage,  thirty  to  forty  meter  resolu- 
tion and  processing  of  data  within  a few  weeks.  Foreign  users  [’]  interests  appear  to  be  sim- 
ilar to  those  of  their  U.S.  counterparts,  although  area  coverage  requests  obviously  differ. 

Further  analysis  and  sorting  of  these  requirements  with  respect  to  resolution,  spectral 
bands,  stereo  coverage,  frequency  of  observation  and  timeliness  of  product  delivery  will 
be  necessary  as  plans  are  developed  for  the  operational  system. 

Performance  Options  for  the  fully  Operational  System 

Hypothetical  system  performance  options  have  been  identified  to  meet  some  or  most 
of  the  preliminary  user  requirements  identified  above.  These  options  range  from  design- 
ing a system  with  capabilities  similar  to  the  Eandsat  3 with  MSS  only,  at  an  estimated  10-year 
cost  of  $1  billion,  to  building  a new  system  which  meets  most  of  the  currently  stated  user 
requirements,  inc  luding  two  meter  resolution,  at  an  estimated  10-year  maximum  cost  of 
$10  billion/  Stereo  coverage  can  be  provided  at  an  additional  cost  of  up  to  $700  million. 

A final  decision  on  the  system  design  to  be  pursued  for  the  Fully  Operational  System 
can  be  reached  only  after  further  analysis  of  user  requirements,  technical  options,  cost 
comparisons,  system  financing,  and  the  effect  of  potential  foreign  competition. 

[ q ] Revenues,  Pricing  Policies  and  Financial  Assistance 

Reliable  projections  of  revenues  from  sales  of  standard  data  products,  and  from  the* 
direc  t reception  fees  to  be  paid  by  foreign  ground  station  operators  cannot  be  made  at 
this  lime  since  the*  characteristic  s of  the  Interim  and  the  Fully  Operational  Systems,  the 
users'  level  of  demand  at  various  prices,  the  impact  of  a market  expansion  program  and 
the-  impact  of  foreign  competition  are  not  now  known.  Tentative  projections  indicate  that 
this  system  may  not  and  probably  will  not  be  self-financing  before  the  end  of  the  century. 
Therefore,  continued  Federal  financial  contributions  to  support  of  the  system  likely  will 
he*  necessary  for  the*  foreseeable  future*. 

System  revenues,  generated  by  the  sale  of  standard  data  products  and  foreign  giouncl 
station  access  fees,  now  amount  to  only  $b  million'  a year.*  Current  fees  consist  of  a nom- 
inal $200,000  ac  c e ss  fee  for  foreign  ground  stations  and  cost  of  reproduction  charges  for 
standard  data  products- — $200  for  a computer  compatible  tape  and  between  $8  and  $50 
for  various  types  of  Fandsat  image  s.  The  projected  costs  of  the  Fully  Operational  System 
range*  f rom  $100  to  $400  million  a year.  To  achieve  the  objectives  for  the  sharing  of  costs 
by  users,  and  for  tin*  eventual  ownership  and  operation  by  the  private  sec  tor,  price's  must 
be  increased  to  cover,  over  time,  the  capital  and  operating  costs  of  the  system  and  the  data 
and  data  products  treated  in  a proprietary  manner. 

The  system’s  manager  could  charge  three  types  of  fees  for  data  and  standard  data 
products: 


As  used  in  this  context,  stereoscopic  menus  two  or  more  images,  taken  from  different  angles,  to  pet- 
mil  inference  of  the  relative  height  of  various  topographic  features, 
h.  All  costs  are  in  FY  1980  dollars. 

7.  All  revenues  are  in  FY  1980  dollars. 

8.  This  figure  includes  $2.7  million  from  sales.  $1.8  million  from  foreign  ground  station  access  fees 
and  $1.8  million  allribuled  to  the  value  of  the  data  distributed  without  charge  to  Federal  agency  users. 
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• Basic  Fee.  A fee  paid  by  each  user  on  each  standard  data  product  it  purchases  from 
the  U.S.  system  operator.  These  tees  would  vary  in  proportion  to  the  costs  incurred  in 
producing  that  product.  They  would  be  paid  by  users  of  both  real-time  and  retro- 
spective data.  Other  factors  such  as  timeliness,  the  placing  of  special  orders  and  spe- 
cial handling  could  be  reflected  in  a surcharge  schedule. 

110]  • Royalty  Fee.  A fee  paid  by  each  U.S.  and  foreign  user  and  foreign  ground  station 
operator  on  the  reproduction  or  resale  of  Landsat  standard  data  products. 

• Direct  Reception  Pee.  One  or  more  fees  paid  by  foreign  ground  station  operators 
receiving  data  directly  from  U.S.  land  remote  sensing  satellites.  Examples  of  such  fees 
are:  ( 1 ) an  annual  access  fee  like  the  $200, 000  fee  per  station  per  year  currently  being 
paid  by  Landsat  station  operators,  and  (2)  a transmission  fee  paid  by  foreign  ground 
station  operators  for  data  transmitted  to  and  received  by  the  foreign  ground  stations. 
This  latter  fee  would  be  based  on  the  amount  of  data  requested. 

Upon  the  completion  of  pricing  studies,  a proposed  pricing  schedule  will  be  devel- 
oped based  on  these  types  of  fees,  and  possibly  others,  for  consideration  by  the  Program 
Board  and  the  land  Remote  Sensing  Satellite  Advisory  Committee. 

Since  a substantial  shortfall  is  projected  between  annual  revenues  and  the  estimated 
annual  costs  of  running  an  operational  system  of  between  $100  and  $400  million  per  year, 
Federal  financ  ial  assistance  likely  will  be  requit  ed.  In  this  event,  the  Federal  government 
could  provide  various  types  of  capital  and  operating  assistance  to  a private*  or  government 
corporation,  whichever  institutional  option  is  eventually  chosen.  Such  Federal  capital 
assistance  could  include  grants,  equity  guarantees,  and  Federal  loan  and  loan  guarantees. 
Federal  operating  assistance  could  include  Federal  support  of  researc  h and  development, 
purchase  guarantees,  appropriations,  free  services  and  tax  inc  entives. 

Whether  for  the  Interim  or  Fully  Operational  System,  three  possible  options  for 
federal  agencies  to  share  in  the  costs  of  financing  the  operational  land  remote  sensing 
system  are  under  consideration: 

• NOAA  could  budget  for  all  “core"”  and  special  system  costs; 

• NOAA  could  budget  for  “core”  system  costs  and  user  agencies  would  budget  for 
special  system  c apabilities;1" 

1 1 1 1 • User  agencies  could  f und  individually  a predetermined  portion  of  all  “core”  and 
special  system  costs. 

A decision  on  the  preferred  financing  option  will  weigh,  on  the  one*  hand,  the  bene- 
fits of  having  a mechanism  that  forces  agenc  ies  to  make  trade-offs  between  land  remote 
sensing  data  and  other  sources  and,  on  the*  other  hand,  the*  advantages  of  focusing  respon- 
sibility for  the  program  and  budgeting  in  one  agenc  y. 

Institutional  Approaches  to  Eventual  Private  Sec  tor  Ownership  and  Operation 
1 . Institutional  Alternatives 

Several  institutional  options  exist  for  achieving  the  goal  of  eventual  ownership  and 
operation  by  the  private  sector  of  our  civil  land  remote  sensing  satellite  activities.  The  four 
principal  institutional  options  discussed  in  the*  document  arc*: 


9.  I tic  “(OR*’  system  includes  die  space  and  ground  segment  elements  necessary  to  meet  the  common 
needs  of  the  majority  of  users. 

10.  Special  system  capabilities  include  stereoscopic  coverage. 
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(1)  A private  corporation  (or  consortium)  selected  competitively  to  own  and  operate 
all  or  part  of  the  civil  operational  land  remote  sensing  satellite  system  and  to  sell 
data  to  Federal  agency  users  under  a guaranteed  purchase  contract; 

(2)  A for-profit  private  corporation,  authorized  by  Federal  legislation,  with  private 
equity  and  privately  and  publicly  appointed  Board  members; 

(3)  A wholly-owned  government  corporation  authorized  by  Federal  legislation,  with 
Government  equity,  reporting  to  the  Secretary  of  Commerce,  with  provision  for 
subsequent  transformation  to  a private  stock  corporation  as  system  revenues 
warrant;  and 

(4)  Federal  agency  ownership  with  private  contractor  operation,  and  provision  for 
subsequent  transfer  to  a private  sector  owner  as  system  revenues  warrant. 

Options  1 and  2 of  fer  the  earliest  possibilities  of  private  sector  ownership  and  assump- 
tion of  risk.  Options  3 and  4 delay  implementation  of  private  sector  ownership  until  the 
next  decade. 

[ 12J  These  options  will  be*  examined  by  the  Administration  over  the  next  several  months 
to  evaluate  which  alternative  best  serves  the  Federal,  state  and  loc  al  government  and  pri- 
vate sec  tor  interests  in  having  an  operational  land  remote  sensing  satellite  program. 

2.  Establishment  of  Fede  ral  Policy  to  Kn courage  Private  Sector  Investment 

Several  policies  impact  the  likelihood  or  willingness  of  the  private  sec  tor  to  own  the 
operational  system.  For  example,  under  present  policy,  a system  owner  has  no  ownership 
rights  in  the  Uandsat  data  and  standard  data  products.  Without  a change  in  this  policy,  a 
private  owner  would  be  denied  the*  opportunity  for  profitability;  therefore  the  Federal 
government  would  have  to  authorize  the*  private  sector  to  own  and  sell  civil  operational 
land  remote  sensing  satellite  data  and  standard  data  products  on  terms  that  eventually 
permit  a reasonable  return  on  investment.  Other  factors  that  affect  private  sector  invest- 
ment are  competition  from  ongoing  Federally  funded  R&D  land  remote  sensing  satellite 
systems  and  the  duration  of  the  Federal  government’s  financial  commitment  to  the  land 
remote*  sensing  satellite  program.  Conversely,  a private  system  owner  should  be  required 
to  abide  by  the  government  policy  of  widest  practical  dissemination  of  data  and  standard 
data  products  on  a public  nondisc  riminatory  basis  at  prices  that  are  consistent  for  domes- 
tic and  foreign  users. 

3.  Regulation  of  Private*  Sector  Operation 

A private  owner  of  the  land  remote  sensing  satellite  system  could  enjoy  a monopoly. 
To  protect  the*  national  interest,  the*  private  owner’s  activities  should  be  regulated  to  the 
extent  necessary  to  conform  to  national  space  and  other  domestic  and  foreign  policy 
objectives.  A private  or  government  entity  owning  the  operational  system  should  be 
required,  for  example*,  to  comply  with  international  treaties  such  as  the  Outer  Space 
Treaty  for  the  conduct  of  peaceful  activities  in  outer  space;  continue  the  widest  prac  tical 
dissemination  of  data  and  standard  data  products  on  a public  nondiscriminatory  basis; 
meet  the  needs  of  U.S.  government  users;  and  refrain  from  misuse  of  insider  knowledge 
obtained  from  the  land  remote  sensing  satellite  data. 

Market  Expansion 

flic*  system  manager  should  undertake  a market  expansion  program  to  increase  rev- 
enues, reduce  required  Federal  [13]  financial  assistance,  and  enhance  decision-making 
through  the  use  of  (and  remote  sensing  satellite  data.  An  important  element  of  this  pro- 
gram is  assuring  continuity  of  land  remote  sensing  data. 

A market  expansion  program  for  the  operational  system  can  build  on  the  types  of 
training  and  technology  transfer  activities  now  being  conducted  by  NASA  and  the 


Okskryinc;  thk  Kari  m From  Smack 


304 


Department  of  the  Interior.  NOAA  could  arrange  for  reimbursable  training  programs, 
enter  into  joint  applic  ations  demonstration  projects  with  users  in  all  sectors,  encourage 
university  land  remote  sensing  instructional  programs  and  work  with  domestic  and  inter- 
national assistance  agencies  to  promote  new  opportunities  for  American  business  in  the 
land  remote  sensing  satellite  field.  As  part  of  its  ongoing  R&I)  responsibility,  NASA  could 
continue  to  develop  and  demonstrate  to  users  new  techniques  and  technologies  for  using 
land  remote  sensing  satellite  data. 

International  Aspects 

The  United  States  should  continue  to  encourage  international  participation  in  the 
U.S.  civil  operational  land  remote  sensing  satellite  program  by  further  developing  an 
international  community  of  data  users  and  by  continuing  discussions  with  prospective*  for- 
eign land  satellite  system  operators  to  explore  the  prospects  for  encouraging  comple- 
mentary and  compatibility  among  future  operational  land  satellite  systems. 

The  United  States  should  ensure  that  data  from  the  Interim  and  Fully  Operational 
Systems  are  made  available  to  foreign  users  through  sales  of  standard  data  products  on  a 
nondiscriminatory  basis.  NOAA,  working  closely  with  the  Department  of  State  and  other 
interested  agencies,  should  take  the  following  actions: 

• Consider  foreign  user  requirements  in  planning  the  Fully  Operational  System; 

• Conclude  agreements  with  those  foreign  agencies  wishing  to  receive  data  directly 
from  the  Interim  and  Fully  Operational  Systems; 

• Establish  pricing  policies  for  data  sales  and  direct  reception  fees  that  are  consistent 
for  domestic  and  foreign  users;  and 

[ 14]  • Continue  the  Landsat  Ground  Station  Operations  Working  Group  as  a forum  for 
the  exchange  of  technical  information. 

Kite  land  remote  sensing  satellite  systems  being  developed  by  other  countries  offer 
the  prospect  of  both  competition  and  cooperation  with  the  U.S.  The  competitive  chal- 
lenge to  U.S.  technologies  leadership  is  likely  to  occ  ur  in  such  areas  as  the  development 
of  multilinear  array  sensor  technology,  and  sales  of  ground  equipment,  services  and  data 
products.  NOAA,  working  closely  with  the  Department  of  State  and  other  interested  agen- 
cies, should  encourage  the  expansion  of  world-wide  markets  for  U.S.  equipment,  services 
and  data  products,  and  pursue  prospects  for  complementary  with  foreign  satellite  opera- 
tors in  order  to  develop  complementary  system  characteristics  (e.g.,  orbits,  coverage  pat- 
terns and  repeat  cycles)  and  compatible  system  outputs  (e.g.,  standard  data  product 
formats). 

Legislation  for  t he*  Operational  System 

Legal  authority  in  four  principal  areas  may  be  required  in  order  to  implement  a civil 
operational  land  remote  sensing  satellite  system: 

1.  Authorization  for  NOAA  to  develop,  own  and  manage  the  civil  operational  land 
remote  sensing  satellite  system  until  the  responsibility  is  transferred  to  a private 
or  other  entity; 

2.  Establishment  of  the  institutional  structure,  financial  assistance  and  transition  to 
private  sector  ownership  and  operation  of  the  U.S.  civil  land  remote  sensing  satel- 
lite system; 

3.  Establishment  of  a regulatory  system  to  ensure  that  a private  sector  owner’s  activ- 
ities are  in  compliance  with  U.S.  laws,  policies  and  inter national  obligations;  and 
Establishment  of  proprietary  interests  in  operational  land  remote  sensing  data 
and  standard  data  products. 


4. 
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Summary  of  Issues 

The  following  is  a summary  of  the  issues  that  have  to  be  addressed  as  the  Federal  gov- 
ernment moves  toward  an  operational  land  remote  sensing  satellite  system: 

f 1 5 1 1 . Continuity  of  Data  in  the  1980s 

a.  Operations 

• Whether  to  fund,  construct  and  launch  additional  Landsat  D series  satellites 
with  tape  recorders  to  provide  continuity  in  the  acquisition  of  data  from 
space  until  a Fully  Operational  System  can  be  deployed? 

• Whether  to  improve  the  existing  Landsat  D ground  segment  at  the  Goddard 
Space  Fligli t Center  to  provide  continuous  processing  of  the  acquired  data 
into  timely  and  reliable  standard  data  products? 

• Whether  to  transfer  responsibility  for  command  and  control  of  the  Landsat 
D space*  and  ground  segments  from  NASA  to  NOAA? 

• Whether  to  transfer  responsibility  for  archiving  and  disseminating  land 
remote*  sensing  satellite  standard  data  products  from  the  Department  of  the 
Interior  to  NOAA,  and  whether  to  co-locate  these  functions  with  the  satellite 
command  and  control  and  preprocessing  facilities  at  the  Goddard  Space 
Flight  Center? 

b.  Management 

• When  to  submit  to  Congress  an  Administration  bill  that  authorizes  NOAA  to 
own  and  manage  an  operational  land  remote*  sensing  satellite  system  until 
that  system  is  transferred  to  another  entity? 

2.  Initiation  of  a Fully  Operational  System 

• How  to  validate  user  requirements  and  their  priorities? 

• When  to  establish  a Fully  Operational  System  utilizing  new  sensors  that  meet  a 
broad  range  of  user  needs? 

[ lb | 3.  Pricing  Policies  and  Financial  Assistance 

• How  to  establish  initial  price  increases  for  direct  reception  and  for  data  and  stan- 
dard data  products  that  are  consistent  for  foreign  and  domestic  users,  provide  ade- 
quate advance  notice  of  price  increases,  and  encourage  potential  users  to  invest  in 
support  equipment  and  reduce  use  of  competing  methods  of  data  collection? 

• When  to  implement  price  increases? 

• How  to  fund  the  capital  and  operating  costs  of  the  Interim  and  Fully  Operational 
Systems  that  exceed  revenues? 

4.  Institution  for  Private  Sector  Involvement 


• What,  if  any,  institutional  framework  for  private  sector  ownership  should  be  sul> 
milted  to  Congress? 

• What  mechanisms  for  regulating  and  providing  Federal  financial  assistance  to  the 
private  sector  should  be  provided  in  any  bill  authorizing  an  institutional  frame- 
work for  private  sector  involvement? 

• What  policies  should  control  the  activities  of  any  private  sector  owner  for  owner- 
ship of  data  and  standard  data  products,  for  conditioning  their  dissemination  on 
the  payment  of  appropriate  fees,  for  making  possible  the  users’  sharing  of  system 
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costs  beyond  the  costs  of  reproduction,  and  for  requiring  consistent  pricing  and 
ensuring  nondiscriminatory  availability  of  standard  data  products. 

5.  Market  Expansion 

• What  market  expansion  should  be  authorized  for  the  Federal  system  manager? 

6.  International  Aspects 

• How  to  encourage  the  growth  of  worldwide  markets  for  U.S.-produced  equip- 
ment, services  and  land  remote  sensing  satellite  data  and  standard  data  products? 

Document  11-33 

Document  tide:  Ed  Harper,  Office  of  Management  and  Budget,  Memorandum  to  Craig 
Fuller/ Martin  Anderson,  “Resolution  of  Issues  Related  to  Private  Sector  Transfer  of  Civil 
Land  Observing  Satellite  Activities,”  July  13,  1981. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

The  new  Reagan  administration,  eager  to  reduce  the  federal  budget  and  to  transfer  as  many  govern- 
ment functions  as  possible  to  the  private  sector,  quickly  reversed  the  key  elements  of  President  Carter's 
approach  to  creating  an  operational  framework  for  remote  sensing  and  sought  to  commercialize  the 
program  as  soon  as  possible.  In  response , Comsat  proposed  that  the  government  transfer  the  operation 
of  both  weather  satellites  and  remote-sensing  satellites  to  the  private  sector,  arguing  that  the  profits 
from  selling  weather  imagery  back  to  the  government  could  be  used  to  finance  the  long-term  commer- 
cial development  of  remote  sensing.  The  White  House  formed  a Cabinet  Cou  ncil  working  group  to  con- 
sider this  proposition. 


July  13,  1981 


MEMORANDUM  TO:  Craig  Fuller/Martin  Anderson 

FROM.:  Ed  Harper 

SUBJECT:  Resolution  of  Issues  Related  to  Private  Sector  Transfer  of  Civil 

Land  Observing  Satellite  Activities 

The  purpose  of  this  memo  is  to  request  that  a working  group  within  the  Cabinet 
Council  system  be  established  to  consider  the  following  two  issues  related  to  private  sec- 
tor transfer  of  civil  land  observing  satellite  activities: 

- What  is  the  best  mechanism  to  implement  the  current  policy  of  transfer  of  civil 
land  remote  sensing  systems  (IANDSAT)  to  the  private  sector  as  soon  as  possible? 

- Should  the  Administration  consider  simultaneously  private  sector  transfer  of  both 
civil  weather  and  land  remote  sensing  systems? 

Background 

With  the  revisions  to  the  1982  Budget  the  Administration  explicitly  stated  its  intention 
to  hand-off  operational  responsibilities  for  land  remote  sensing  to  the  private  sector  in  the 
mid-1980\s  or  sooner,  if  possible.  This  policy  reflected  the  judgment  that  the  Federal 
investments  in  the  IANDSAT  program  contained  in  the  revised  budget  were  sufficient  to 
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t vah.au-  the-  usefulness  of  this  data  and  that,  jf  the  operational  uses  were  significant  the 
Blivate  sector  would  provide  follows...  satellites-, here  would  be  no  need  for  the  FerU,l 
Government  to  purchase  additional  satellites  beyond  the  two  new  NASA  budgeted  sate? 
I.ce«  LANDSAT  D a,„l  Dl).  Tim.,,  MmLamrn  wUhdrewT 
ment  to  data  continuity  through  the  end  of  the  decade  and  decided  that  additional 
•satellites  beyond  the  two  new  NASA  satellites  would  depend  on  the  private  sector’s  will- 

tc>Srov,^t  I ” Hn  °Perate  fM,IOW'°n  Satdli,eS'  not  asking  the  Cabinet  Council 

The  Department  of  Commerce  (NOAA)  is  currently  developing  draft  legislation 
S ion  T'r  PnVa,e  SeCt01  “ anS,er  <>f  land  o'*** ving  satellite  activities.  This  leg- 
SlnetSndh  Wth  *he  ^ dwisi“ns  <al  being  referred  to  the 

siderA,r,Tfn,ial  scctt>r  oyner/oper ator  has  requested  that  the  Administration  con- 

. ^ansfemnK  simultaneously  both  the  civil  weather  and  land  remote  sensing  satellite 
to  the  private  sector,  and  that  selection  of  a private  sector  proposal  or  combina- 
tion  of  proposals  be  based  on  the  merits  of  the  total  package. 

What  is_the  best  mechanism  to  implement  the  current  policy  of  private  sector  trans- 
foliowing'"  “ P°SS  Tht‘  °,>tio"s  available  “»  the  Administration  seem  to  be  the 

rmil^o!icvCandPV)aC^yr"COnt',U,C  NOAA  °Peration  satellites  consistent  with  cur- 
i ni datives?  th'"g  lW  cn«>urage  or  discourage  independent  private  sector 

A decision  to  consider  transferring  the  current  Government  inventory  of  civil  remote 
sensing  satellites  and  ground  equipment  to  a private  corporation  or  consortium  of 
private  cot  porat ions  in  return  for  cash  and/or  future  considerations. 

A decision  to  provide  some  form  of  subsidy  or  long-term  data  contract  (details  to  be 
transfer^  CMnMS,,f,U  W"h  bud*e*  °,  us<'r  ies)  in  order  to  facilitate  private  sector 


A ci 


ombi nation  of  the  two  previous  options. 


<meran.ianrit°|erab!iSh  * federa,,7  ^ chartered  for-profit  private  corporation  to  own  and 

Schmitt  Btl  H reniU,tC  fenS,nS.saU'lliu'  system  along  the  lines  envisioned  in  the 
oenmitt  Hill  introduced  in  the  previous  Congress. 

Shonh!  the  Administration  simultaneously  consider  private  sector  transfer  of  boll, 
civil  weather  and  kind  remote  sensing  systems? 

Transfer  of  the  civil  weather  satellite  program  to  the  private  sector  would  place  more 
emphasis  on  the  private  sector  and  market  forces  in  determining  the  level  and  scope 
of  these  satellite  activities.  However,  the  assertion  that  such  a transfer  could  reduce 
the  Federal  budget  and  increase  the  Federal  tax  base  without  incurring  significant 
additional  Federal  risks  has  not  yet  been  validated.  gnu, cant 

The  Administration  probably  will  not  be  able  to  determine  if  such  a private  sector 

“d  mKl^lS1  °n  “ “ >,tabk-  PrwPosaIs  are 
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The  sub-issues  that  will  need  serious  review  and  consideration  include: 

Wh-tt  type  of  Federal  commitment,  it  any,  would  be  appropriate  for  purchase  of  eitlier 
w e uherPand/or  land  satellite  data?  To  what  extent  should  the  Federal  (.overnnten, 
continue  related  technology  develop., ten,  (e.g.,  R&D  on  advanced  sensors), 

What  type  of  relationship  should  exist  between  the  Government  and  any  potent.al  pri- 
vale  sec  tor  owner /operator' 

What  Federal  assets  and  data  rights  should  the  Government  consider  transferring  to 
the  private  sector? 


Assumptions 

. In  light  of  the  need  for  fiscal  restraint,  an  increase  in  the  Federal  commitment  to  land 
/ ote  sensing  from  space  should  be  considered  only  to  the  extent  that  user  agen ncj 
""  willing  to  .nake  P,h,.„ffs  against  previously  approved  aCv.fes  fo.  and 

bevond  in  order  to  facilitate  an  expanded  Federal  commitment. 

. Since  there  ate  other  options  for  reducing  the  Federal  expenditures  for  needed 
weather  satellite  data  (e.g.,  combining  civil/ military  polar-orbiting  satellites,  tt dm  mg 
the  number  of  civil  weather  satellites  in  orbit  and  placing  v^ther  s<™ 
inertial  communications  satellites),  ,t  should  be  assumed  that  the  L1M  mmi 
nixhections  for  civil  weather  satellites  may  be  revised  downwatcj 


The  agencies  affected  include: 
Agency 

Department  of  Commerce 
Department  of  Agriculture 


Area  Affected 

NOAA  operation  of  weather  and  land  satellite 
systems. 

Agriculture  forecasting  based  on  weather  and 
land  satellite  data. 


Department  of  Defense 


Data  from  civil  weather  satellites  (in  addition 
to  data  from  military  weather  satellites). 


Department  of  Interior 


Geological,  mineral  and  land  management 
activities  use  land  satellite  data. 


Department  of  State 


International  agreements  on  satellite  remote 
sensing. 


Central  Intelligence  Agency 

National  Aeronautics  and 
Space  Administration 


National  security. 

R&D  using  satellite  data  and  new  sensor 
development  for  weather  and  land  satellites. 
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?rmC,:t0title:  o°Ve,rnmient  Technital  Review  P^el,  “Report  of  the  Government 
Sensing  ev,ew  Panel  on  Industry  Responses  on  Commercialization  of  the  Civil  Remote 
sensing  Systems,  November  10,  1982,  pp.  1-25. 


Source:  NASA  Historical  Reference  Collection, 
Headquarters,  Washington,  D.C. 


NASA  History  Office,  NASA 


' ' "I'  Rmfn  «*™™tralwn  was  quite  intent  on  transferring  control  of , he  nation’s  civilian 

” s,aeUHes  to  Pnvate  industry,  implementing  this  policy  was  a formidable  task. 
Members  of  (ingress  raised  a number  of  objections,  particularly  to  the  suggestion  of  selling  off  weal/, - 
n satellites,  as  well  as  the  l.andsat  system.  Private  industry,  the  supposed  beneficiary  of  this  prcrtms- 
a was  ess  than  enthusiastic,  as  evidenced  by  this  report  of  the  Govern  merit  Technical  Review  Panel 
11  ° rn’m"  wmms  options  for  establishing  a new  remote-sensing  polity.  This  report  is  based 

on  corporate  responses  to  a Department  of  Commerce  request  for  information  concerning  the  transfer 
of  remote-sensing  satellites  to  private  industry.  Respondents  were  placed  into  four  categories  based  on 
their  degree  of  support  for  the  concept  of  the  privatization  of  remote  sensing 


Report  of  the  Government  Technical  Review  Panel 
on  Industry  Responses  on  Commercialization  of 
the  Civil  Remote  Sensing  Systems  . 

November  10,  1982  . . 


1 1 1 I.  OVERVIEW 

I lie  panel  convened  20  October  and  reviewed  fourteen  responses  to  the  Request 
lor  Infort  nation  |RH|  that  appeared  in  the  Commerce  Business  Daily  (CBD)  on 

. (pk  tn  >ei  , 1982.  No  attempt  was  made  to  solicit  additional  information  or  clarifica- 
tion from  respondents. 

The  responses  varied  in  scope  and  sophistication  from  a handwritten  postcard  to  a 
anly  comprehensive,  all  inclusive  submission.  Criteria  for  evaluation  could  not.  therefore 

>e  applied  uniformly  to  all  proposals.  I lowever,  the  following  general  criteria  were  used 
as  applicable: 

(1)  Responsiveness  to  federal  needs; 

(2)  Continuity  of  data  services; 

(3)  Feasibility;  and 

H)  National  security  and  foreign  policy  concerns. 

Responses  were  grouped  into  four  (4)  natural  categories  reflective  of  their  basic 

( 1 ) Those  favoring  near-term  commercialization  of  existing  civil  remote  sensing  carta- 

bullies,  entirely  or  in  part.  h 

(2)  Those  espousing  independent  entrepreneurial  interests  and  advocating  a climate 
conducive  to  free  market  competition. 

(3)  I hose  favoring  government  retention  of  the  existing  system,  at  least  for  the  inline- 
(Mate  future. 

(4)  Other. 
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[21  II.  SUMMARY  AND  OBSERVATIONS 

It  could  fairly  he  stated  that  a simple  evaluation  of  responses  to  the  RH  would  fulfill  the 
charter  of  this  panel  and  that  further  comment  is  gratuitous.  Nonetheless,  our  study  of  this 
issue  and  the  responses  produced  a consensus  which  we  would  be  remiss  not  to  surface. 

Insofar  as  the  responses  arc  positive  toward  the  issue  of  commercialization,  they  tend 
to  assert  rather  than  demonstrate  an  ability  to  satisfy  whatever  criteria  we  might  establish. 
Nonetheless,  the  panel  harbors  significant  doubt  as  to  whether  all  U.S.  govei  nment  inter- 
ests could  be  satisfactorily  protected  if  the  approach  is  simply  to  substitute  one  monopo- 
listic organization  for  another.  Perhaps,  it  will  take  an  RI  P 1 Request  for  Proposals]  to 
answer  the  toughest  questions. 

The  RFI  elicited  more  interest  than  might  have  been  expected  and  surfaced  a stioi  g 
body  of  opinion  that  urges  restraint  and  caution  in  proceeding  with  commercialization. 
There  is  an  underlying  theme  common  to  the  submissions  from  several  laige,  responsible 
m'd  knowledgeable  entities  that  commercialization  now  could  inhibit  the  free  market 
process  They  suggest  continued  government  operation  of  the  system  while  fostenng  an 
environment  conducive  to  an  expansion  of  free  enterprise  activities. 

One  of  the  concerns  which  permeated  our  discussions  of  a non-government  monop- 
oly environment,  was  the  potential  lack  of  vigor  in  the  R&D  effort  and  lack  of  incentive  <> 
adopt  improvements  which  may  materialize.  This  has  been  the  case  in  the  satellite  com- 
munications field.  It  is  our  belief  that  the  best  answer  to  the  emerging  foreign  competi- 
tion lies  in  the  continuation  of  a dynamic  U.S.  government  R&1>  system 

It  is  also  the  belief  of  the  panel  that  there  is  considerable  financial  policy  and  pi o- 
eram  risk  to  the  government  in  commercializing  weather  satellites  and  that  there  is  no 
dear  poliev  or  financial  benefit  to  be  realized.  Too,  there  is  no  clear  consensus  among  the 
respondents  as  to  the  desirability  or  feasibility  of  commercializing  any  of  our  civil  i emote 

sensing  systems  at  this  time.  . 

13]  Additionally,  creation  of  a single,  government-chartered, subsidized  him  h»i  this  pu  - 
pose  would  seem  antithetical  to  the  underlying  economic  philosophy  of  the  Ui  l cd  State  s 
and  in  particular,  this  Administration,  as  we  understand  it.  II  regulated,  it  would  result  in 
the  creation  of  a “utility”  without  the  competitive  incentives  for  reducing  operating  costs 
or  increasing  efficiency.  If  unregulated,  the  chartered  entity  would  tend  to  assume  the 

characteristics  of  a legislated  monopoly.  „f 

Finally,  the  following  general  national  security  concerns  exist  m e ommcicialization 
remote  sensing  from  space  even  though  not  specifically  addressed  m the  individual  eval- 

There 's  so"u'  P("t'nlial  for  mllitaiy  al,d  intelligence  application  of  current  data 
products,  and 

(2)  with  possible  system  improvement  under  private  sector  control  these  concerns 

would  increase.  . 

(S)  There  are  technology  transfer  issues  which  might  be  exacerbated  if  a private  stt- 

lor  operator  became  the  world  wide  supplier  of  remote  sensing  equipment  and 

(4)  Controls  over  data  dissemination,  and  provision  lor  DOD  emergency  use  would 
require  very  careful  stipulation  in  any  transfer  of  civil  remote  sensing  activities. 

[4]  HI.  EVALUATION  OF  THE  RESPONSES 

I CATEGORY  ONE  - Those  favoring  near-term  commercialization  of  existing  civil 
remote  sensing  capabilities,  entirely  or  in  part. 

COMSAT.  Environmental  Satellite  Data,  Inc.,  and  Control  Data  Corporation  are  will- 
ing to  proceed  now  in  assuming  at  least  part  of  the  existing  land  and/or  weather  satellite 
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systems.  COMSAT  proposes  to  take  over  both  systems  in  their  entirety.  Control  Data 
Corporation  proposes  a phased  take-over  of  the  Landsat  ground  processing  and  distribu- 
tion system,  while  Environmental  Satellite  Data,  Inc.  suggests  operating  specific  segments 
of  the  COES  ground  system.  Although  the  magnitude  of  the  private  sector  take-over  varies 
substantially  among  these  firms,  sufficient  details  were  provided  to  permit  an  evaluation 
under  all  four  general  criteria.  A fourth  respondent,  the  American  Science  and 
Tedhnology  Corporation,  proposes  to  take  over  the  command  and  control  of  the  Landsat 
satellites.  However,  the  thrust  of  this  response  focuses  on  new  entrepreneurial  interests 
and  is  therefore  reported  under  Category  2. 

A.  Communications  Satellite  Corporation,  Comsat  General  Corporation  (COMSAT] 
COMSAT  has  submitted  the  only  proposal  advocating  total  commercialization  of 
civil  remote  sensing.  Additionally,  COMSAT  emphasizes  a “concern  for  urgency”  in  such 
a transfer.  While  COMSAT  presents  the  most  detailed  proposal  (due  to  the  magnitude  of 
the  transfer),  it  reiterates  its  earlier  position  of  requiring  both  the  civil  weather  and  land 
remote  sensing  satellites  to  insure  future  commercial  viability. 

( 1 ) Responsiveness  to  Federal  Needs: 

The  COMSAT  concept  involves  private  sector  purchase  of  the  current  assets 
in  the  government’s  land  and  civil  weather  systems.  These  would  be  enhanced  in 
the  future  by  incorporating  additional  sensors  upon  identification  [5]  of  the  spe- 
cific user  needs.  The  federal  government  would  pay  most  of  the  incremental 
costs.  For  example,  COMSAT  suggests  adding  sensors  that  would  collect  oceanic 
data  on  water  color,  winds,  ice,  and  wave  conditions. 

It  is  not  clear  that  Landsafs  coarse  (80  meter)  multispectral  scanner  data, 
which  arc  used  extensively  for  making  agricultural  assessments,  would  be  includ- 
ed as  part  of  the  basic  data  collection  package  that  COMSAT  suggests  for  the  posl- 
Landsat  IV  era  of  tin*  late  1980’s.  However,  if  this  need  is  identified  as  a 
continuing  federal  user  requirement  COMSAT  would  provide  this  capability,  a! 
additional  cost,  if  it  were  not  part  of  the  projected  array  of  imagery  collection 
capabilities.  Thus,  from  the  viewpoint  of  system  technical  capabilities,  this  con- 
cept would  he  more  than  fully  responsive  to  the  current  and  future  level  of  fed- 
eral user  requirements  with  reference  to  timeliness,  extent  and  frequency  of 
coverage,  imagery  characteristics  and  data  formats,  and  timeliness. 

However,  the  proposal  would  not  appear  to  meet  another  critical  user 
requirement — assurance  of  data  availability  at  reasonable  cost.  The  COMSAT 
concept  would  require  federal  data  purchases  at  an  annual  level  of  about 
$315-330  million  per  year.  For  the  government  to  meet  this  amount,  it  appears 
that  there  will  have  to  be  either  a substantial  increase  in  the  cost  of  land  and/or 
weather  data  or  there  will  he  substantial  direct  subsidy  payments  to  COMSAT 

Another  f actor  that  is  less  significant  than  either  of  the  two  preceding  factors  is 
the  matter  of  proprietary  rights.  The  COMSAT  concept  also  calls  for  the  system 
owner/ operator  to  have  copyright  and  proprietary  rights  over  the  data  that  are  col- 
lected. Such  rights,  while  desirable  from  the  viewpoint  of  helping  make  the  system 
self-financing,  have  the  disadvantage  of  inhibiting  the  use  of  the  collected  data. 


((')]  (2)  Continuity  of  Service: 

Implementation  of  the  COMSAT  concept  would  appear  to  satisfy  the  major 
consideration  of  maintaining  continuity  of  data  flow.  However,  the  concept  does 
afford  the  system  operator  a loophole  for  (a)  restricted  liability  only  if  the  “best 
ef  forts”  are  not  made,  and  (b)  also  for  performance  being  contingent  upon  the  fed- 
eral government  meeting  extensive  financial  commitments  for  a 15  year  period. 
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Should  changes  occur  in  the  international  price  structure  which  adversely 
effect  profitability,  i.e.,  undercutting  of  U.S.  commercial  data  prices  by  a foreign 
competitor,  a commercial  operator  might  elect  to  abandon  the  enterprise,  or  use 
the  “best  effort”  principle  to  demand  increased  federal  pric  e subsidies. 

(8)  Feasibility 

This  proposal  would  replace  existing  weather  ground  systems,  which  need 
technical  improvement,  and  would  use  current  Lanclsat  facilities  and  equipment. 
In  addition,  a centralized  facility  is  proposed  for  both  land  and  environmental 
data  based  on  Iandsat-tvpe  hardware.  Centralization  is  technically  valid,  but  does 
not  exploit  what  is  currently  known  about  the  advantage  of  distributed  processing 
architecture,  insofar  as  service  to  users  is  concerned [,]  i.e.,  throughput,  availabil- 
ity, and  accessibility  of  data.  The  proposed  technology  to  be  employed  on 
COMSAT’s  1ANDSTAR,  the  successor  to  [AND SAT,  includes  linear  array  focal 
planes  and  on-board  data  compression  capability.  These  are  needed  improve- 
ments if  high  resolution  solid-state  sensors  are  adopted.  Not  mentioned,  but  very 
much  needed  on  any  follow-on  sensor,  is  the  addition  of  cooled  focal  planes  for 
short-wave  and  thermal  infrared  data,  and  a capability  of  off-nadir  pointing  for 
more  frequent  coverage  of  the  same  scene.  The  addition  of  synthetic  aperture 
radar  sensors  for  data  set  merging  is  very  appealing  as  is  the  integration  of  weath- 
er and  land  remote  sensing  systems  for  [7]  more  efficient  programming  of  data 
acquisition  and  low-orbit  collection  of  environmental  data.  COMSAT  recognizes 
that  guaranteed  progress  in  technological  advances  and  maintenance  of  U.S. 
technological  leadership  can  only  be  realized  if  government  retains  an  active  role 
in  advanced  technology  development,  either  alone  or  in  some  joint  role  with  the 
operator  of  the  systems. 

(4)  National  Security  and  Foreign  Policy  Concerns: 

The  COMSAT  proposal  is  based  on  a “best  effort”  principle  which  does  not 
commit  the  Corporation  to  provide  continuous  services  over  the  lifetime  of  the 
contract.  A disruption  of  land  remote  sensing  and  weather  services  could  have 
substantial  foreign  policy  implications  in  terms  of  traditional  U.S.  international 
data  exchange  policies  which  emphasize  continuity  and  nondiscrimination. 

COMSAT  states  its  intentions  to  broaden  the  primary  data  market  by  limiting 
secondary  reproduction  and  distribution  of  data.  This  could  ultimately  jeopar- 
dize the  continuous  and  reciprocal  international  exchange  of  meteorological 
data  upon  which  this  country  is  vitally  dependent. 

If  a national  emergency  required  disruption  of  commercial  service*  in  Metsats 
and/ or  l.andsats,  the  government  would  have  to  reimburse  the  commercial  oper- 
ator for  lost  revenues.  This  would  entail  an  additional  government  expense  not 
incurred  under  government  ownership  and  would  constitute  an  additional  com- 
plicating factor  in  making  national  security  anti  foreign  policy  decisions. 

COMSAT  proposes  to  sell  “surplus”  DCS  (data  collection  system)  capacity  to 
commercial  users  which  could  be  used  for  noil-environmental  purposes. 
However,  by  agreement  in  the  International  Telecommunications  Union  (ITU), 
DCS  frequencies  are  to  be  used  exclusively  for  environmental  monitoring. 

No  contractual  or  legislative  stipulation  should  preclude  the  government 
from  developing  its  own  satellite  systems  for  national  security  purposes. 

[8]  B.  Environmental  Satellite  Data,  Inc.  (FSD) 

FSD  does  not  address  Tandsat  or  the  overall  weather  satellite  system.  Instead  the 
company  offers  to  assume  responsibility  for  a small  segment  of  the  GOES  data  processing 
while  focusing  on  the  distribution  of  GOES  imagery  to  commercial  users.  The  proposal 
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would  terminate  the  current  GOES-TAP  “no-cost”  service  and  replace  it  with  a larger, 
more  ef  ficient  system  requiring  a commercial  user  contractual  fee.  This  concept  could  he 
implemented  under  existing  policies  and  regulations. 

( 1 ) Responsiveness  to  Federal  Needs: 

Within  the  limited  scope  of  this  proposal  ESI)  appears  to  satisfy  federal  needs 
and  to  be  responsive  to  increasing  numbers  ofusers. 

(2)  Continuity  of  Service: 

Phased  implementation  should  assure  continuity  of  service. 

(3)  Feasibility: 

This  proposal  contains  no  technical  detail,  but  it  does  assert  that  the  Visible 
and  Inflated  Spin-Scan  Radiometer  earth  locating  program  ran  be  improved  to 
the  point  that  one  pixel  location  accuracy  of  the  grid  on  the  satellite  imagery  can 
be  obtained  within  six  hours  after  completion  of  maneuver  of  the  satellite,  vice  10 
pixels  and  24  hours.  Since  larger  and  faster  computers  than  those  currently  used 
are  available,  this  should  be  readily  achievable.  However,  no  conclusions  on  capa- 
bility are  possible  without  specifics  on  computers  and  data  management. 

(4)  National  Security  and  Foreign  Policy  Concerns: 

ESI)  proposes  to  distribute  only  a small  part  of  the  total  COES  weather  satel- 
lite imagery.  So  long  as  any  government  agreement  with  ESI)  includes  provision 
for  equal,  turn-discriminatory  access  to  data,  no  foreign  policy  issues  are  raised. 
No  national  security  problems  exist. 

[9 1 C.  Control  Data  Corporation,  CPC 

CI)C  proposes  a time-phased,  joint  government/industry  venture  beginning  with 
ground  processing  of  Tandsat  data  by  1984.  This  would  lead  to  economic  validation  of  a 
transition  from  a subsidized,  government  service  operation  to  a product-based,  profit 
making  venture.  The  feasibility  of  transfer  of  the  space  segment  for  remote  land  sensing 
would  be  evaluated  during  the  transition.  Weather  data  could  be  included  in  such  a 
ground  data  processing  system. 

(1)  Responsiveness  to  Federal  Needs: 

(-DC’s  joint  venture  concept  could  be  designed  to  meet  specific  federal  needs 
throughout  the  transition  to  private  ownership  and  operation. 

(2)  Continuity  of  Service: 

Not  specifically  addressed,  but  preceding  comments  are  applicable. 

(3)  Feasibility: 

CDC’s  stated  experience  with  data  processing  and  analysis  and  with  I)OD 
space  systems  would  attribute  to  CDC  a technical  credibility  sufficient  to  warrant 
serious  consideration  of  their  suggestions  on  commercialization.  However,  no 
details  of  a technical  nature  were  provided.  CDC’s  concept  represents  a conserv- 
ative, low  technical  risk  approach  to  eventual  commercialization.  CDC,  along  with 
COMSAT  and  Terra-Mar,  explicitly  recognizes  the  greatly  improved  information 
extraction  potential  in  merged  or  “fused”  data  sets  from  different  parts  of  the 
electromagnetic  spectrum.  CDC  recognizes  that  technological  progress  can  only 
be  assured  if  the  government  maintains  an  active  role  in  advanced  technology 
development,  either  alone  or  in  some  joint  role*  with  the  operator  of  the  systems. 
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The  data  provided  on  concepts  for  user  services  facilities  illustrates  at  least  a basic 
understanding  of  how  such  facilities  should  function  in  data  processing,  archiv- 
ing, and  distribution.  The  highly  buffered  system  concept  presented  represents 
state-of-the-art  thinking  on  high-rate,  high-throughput,  functional  requirements. 

[10]  (4)  National  Security  and  Foreign  Policy  Concerns: 

CDC’s  concept  does  not  pose  a foreign  policy  concern  if  the  suggested  user 
service  scheme  satisfies  present  policies  on  data  access  and  distribution,  and  if  a 
discriminatory  pricing  system  is  not  imposed.  However,  the  response  fails  to 
address  these  issues.  No  national  security  concerns  are  raised. 

[11]  2.  CATEGORY  TWO  - Those  espousing  independent  entrepreneurial  interests  and 
advocating  a climate  conducive  to  free  market  competition. 

Three  firms — Terra-Mar,  American  Science  and  Technology  Corporation  and  Space 
Services.  Inc. — advocate  a free  enterprise  environment  which  permits  a natural  evolution 
and  competitive  development  of  the  private  sector  remote  sensing  industry.  Their  premise 
is  that  successful  commercialization  will  occur  only  in  a competitive  market  where  gov- 
ernment regulations  and  guarantees  are  held  to  a minimum.  System  development  would 
be  driven  by  market  forces  and  user  requirements  rather  than  technological  capabilities. 
While  Terra-Mar  looks  at  the  philosophy  underlying  the  development  of  free-market 
remote  sensing,  AS&T  and  SSI  outline  their  respective  entrepreneurial  concepts  and 
future  plans  concerning  satellite  remote  sensing,  satellite  launch  and  associated  services. 

A.  Terra-Mar 

Terra-Mar  is  developing  an  earth  resources  data  service  aimed  primarily  at  com- 
mercial clients.  The  company’s  data  service  plan  is  based  on  extensive  in-house  market 
research.  Terra-Mar  states  that  the  exploitable  market  in  remote  sensing  is  based  on  com- 
puter and  information  technology.  They  advocate  an  open  market  for  data  within  the 
value-added  industry.  This  company  is  concerned  that  the  immediate  transfer  of  the  exist- 
ing Landsat  assets  could  be  as  much  a hindrance  to  commercialization  as  a benefit,  unless 
the  government  takes  prudent  steps  to  smooth  a gradual  transition  to  private  operation. 
Terra-Mar  is  opposed  to  near-term  transfer  of  weather  satellites  because  of  the  vital  nature 
of  weather  information  in  serving  the  national  interest. 

(1)  Responsiveness  to  Federal  Needs: 

Not  specifically  addressed 

[12]  (2)  Continuity  of  Service: 

Not  addressed. 

(3)  Feasibility: 

No  specific  systems  were  recommended  or  discussed  in  detail.  Comments 
regarding  the  desirability  and  feasibility  of  a distributed  processing  system,  and 
the  probable  advance  of  computer  technology  are  well  within  the  current  con- 
sensus of  industry  and  government  on  this  technology.  The  efficiencies  of  a dis- 
tributed system  regarding  throughput  and  availability  of  data  are  recognized.  In 
addition,  a distributed  system  can  provide  many  levels  of  complexity  in  analysis 
capability,  which  w ill  permit  superior  tailoring  of  product  and  information  extrac- 
tion capabilities. 


(4)  National  Security  and  Foreign  Policy  Concerns: 
No  concerns  were  noted. 
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B.  American  Science  and  Technology  Corporation  (AS&T) 

AS&T  proposes  to  take  over  command  and  control  ofLandsat-4  and  D’  while  pur- 
suing the  development  of  their  own  remote  sensing  satellites.  They  do  not  plan  to  process 
or  to  distribute  Uandsat  dala,  but  will  build  their  own  ground  segment  to  serve  future 
AS&T  space  platforms.  AS&T  does  not  express  any  interest  in  civil  weather  satellite  sys- 
tems. Additionally,  they  do  not  believe  further  government  regulation  or  legislation  is 
required  or  necessary  lor  the  implementation  of  this  proposal. 

NOTE:  AS&T  has  been  working  in  conjunction  with  SSI  in  planning  the  launch 
of  AS&T  remote  sensing  satellites  as  early  as  1984. 

[ 1 3 1 ( 1 ) Responsiveness  to  Federal  Needs: 

AS&T  would  assume  operational  control  (not  ownership)  of  I.andsat-4  and 
Uindsat  D\  These  satellites  would  be  integrated  with  AS&T’s  own  low-cost  Advanced 
Earth  Resources  Observation  Satellite  (AEROS)  earth  remote  sensing  satellites, 
which  would  provide  complementary  data.  Thus,  many  user  data  needs,  e.g.,  data 
format,  compatibility,  resolution,  frequency  of  coverage,  would  be  initially  satisfied 
by  the  combined  landsal-AS&T  system.  AS&T’s  proposed  fiat  fee  for  access  to  sen- 
sors and  data  flows  is  attractive,  and  on  the  surface,  very  cost  competitive.  However, 
data  from  non-U .S.  areas  would  have  to  be  relayed  via  TDRSS,  or  obtained  from  for- 
eign  ground  stations — with  potentially  high  additional  costs.  Foreign  (overage,  lack- 
ing TDRSS  capability  and  foreign  stations,  may  prove  inadequate. 

The  stable  of  sensors  which  AS&T  proposes  to  build  and  launch  by  1985  can- 
not, by  themselves,  satisfy  current  and  projected  federal  requirements  for  multi- 
spectral  data  since  the  specifications  do  not  include  the  spectral  coverage  or 
spectral  resolutions  required.  Spatial  resolutions  which  are  comparable  to 
Landsat  do  not  solve  the  problem,  since  the  large  majority  of  analysis  is  with  spec- 
tral, not  spatial,  information  extraction. 

(2)  Continuity  of  Service: 

Continuity  of  service  appears  to  be  assured,  provided  AS&T  can  maintain 
development,  launch  and  operational  schedules. 

(3)  Feasibility: 

AS&T  proposes  the  take-over  of  existing  Landsat-4  ground  subsystems  relating 
to  command,  control,  and  maintenance  of  the  health  of  the  spacecraft.  However, 
AS&l  apparently  does  not  possess  the  broad  range  of  experience  and  expertise 
necessary  to  maintain  highly  complex  spacecraft  such  as  I^andsat,  nor  is  there  a 
personnel  and  facility  resource  extant  in  AS&T  upon  which  the  company  could 
rely  in  any  spacecraft  emergency. 

1 14]  Statements  made  previously  by  AS&T  in  public  fora,  but  not  included  in  this 

submittal,  have  alluded  to  probable  costs  of  replacement  or  complementary  sen- 
sors which  are  unrealistically  low,  in  our  estimation.  Technical  risks  associated 
with  space  activities  to  be  undertaken  by  companies  new  to  this  activity  are  very 
high,  and  translate  directly  into  the  necessity  for  large  cash  contingencies.  In 
addition,  the  probability  that  complex  sensors  can  be  acquired,  integrated, 
launched  and  checked  out  in  three  years  is  very  low,  as  discussed  in  the  compa- 
rable section  on  feasibility  for  SSE 

(4)  National  Security  and  Foreign  Policy  Concerns: 

AS&T  does  not  wish  to  pay  for  TDRSS.  Unless  the  U.S.  government  contin- 
ues to  support  TDRSS  for  Landsat,  it  is  unlikely  that  a current  Landsat  global  data 
base  could  be  maintained  for  U.S.  or  foreign  users.  This  has  both  national  secu- 
rity and  foreign  policy  implications. 
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The  AS&T  proposal  raises  the  following  additional  foreign  policy  and  nation- 
al security  concerns:  (a)  Possible  assumption  of  U.S.  foreign  policy  obligations  by  a private 
firm;  and  (b)  Data  distribution  in  a nondiscriminatorv  manner  to  all  customers. 

C.  Space  Services  Incorporated  of  America  (SSI) 

SSI  is  developing  launch  services  for  space  activities  and  is  not  interested  in  the 
ownership  or  operation  of  Landsat,  related  data  acquisition  or  data  distribution.  SSI 
believes  land  and  weather  satellites  should  not  be  considered  simultaneously  for  transfer 
to  private  industry,  and  further  that  weather  systems  should  not  be  commercialized  at  this 
time.  SSI  states  that  any  transfer  to  private  industry  should  not  create  a monopoly,  but 
allow  opportunity  to  compete  in  the  free  marketplace. 

[15]  NOTE:  SSI  has  been  working  in  conjunction  with  AS&T  in  planning  the  launch 
of  AS&T  remote  sensing  satellites  as  early  as  1984. 

( 1 )  Responsiveness  to  Federal  Needs: 

Not  specifically  addressed. 


(2)  Continuity  of  Service: 

See  AS&T  proposal. 

(3)  Feasibility: 

This  proposal  states  an  intent  to  launch  private  sensors  as  early  as  1984  which 
would  "complement”  or  "overlap”  existing  Landsat  capabilities.  The  development 
and  acquisition  of  free-flying  space  remote  sensors  typically  lake  six  to  eight  yeais. 
However,  disregarding  government  delays  and  procedures,  and  assuming  state-of- 
the-art  technology,  the  fabrication,  test,  integration  and  launch  might  take  three 
to  five  years  given  the  most  optimistic  estimate.  In  addition,  the  inclusion  of 
cooled  focal  planes  aboard  the  sensor,  which  are  important  in  geology  and  other 
space  applications,  are  unlikely  to  be  achieved  in  this  time  frame,  thereby  elimi- 
nating the  majority  of  federal  and  other  sophisticated  users  of  thermal  data. 
Lastly,  SSI  has  not  demonstrated  a capability  to  launc  h a 1000-2000  Kg  payload 
into  orbit,  nor  does  SSI  appear  to  have  the  capability  to  command  and  control  the* 
spacecraft,  check  out  on-board  systems,  or  process  sensor  data.  SSI  makes  the 
statement  that  it  “supports  the  concept  of  allowing  the  private  sec  tor  to  use  gov- 
ernment facilities  and  equipment  already  in  place.”  However,  existing  facilities 
and  equipment  can  only  be  used  by  expert,  experienced  personnel  with  access  to 
a very  broad  range  of  resources  to  solve  problems,  maintain  system  capabilities 
and  provide  continuity.  SSI  does  not  appear  to  possess  these  attributes 

[ 1 bj  (4)  National  Security  and  Foreign  Policy  Concerns: 

SSI  recognizes  government  responsibilities  to  authorize  and  supervise  private 
remote  sensing  activities  in  accordance  with  the  196/  Outer  Space  Ireaty  and 
national  security  interests.  However,  there  is  concern  whethei  furthei  (ommeitial 
space  launch  services,  from  within  the  U.S.,  be  permitted  until  a well-defined 
national  policy  and  regulatory  framework  dealing  with  such  activities  have  been 
established  and  approved. 

[ 17]  3.  CATEGORY  THREE  - Those  favoring  government  retention  of  the  existing  system, 
at  least  for  the  immediate  future. 

The  University  of  Massachusetts.  RCA.  Hughes  Aircraft,  General  Electric  and  Ocean 
Routes  Inc.,  support  continued  government  operation  and  ownership  of  the  remote  sens- 
ing system  through  the  next  ten  years  or  more.  I hey  present  alternatives  that  tould  lead 
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to  eventual  commercialization  of  Landsat,  but  these  involve  extensive  government  partic- 
ipation through  various  management,  joint-operator  or  financing  options.  These  respon- 
dents are  opposed  to  commercialization  of  the  weather  satellite  programs,  as  well  as  the 
creation  of  any  monopolistic  commercial  entity  for  land  sensing.  It  should  he  noted  that 
three  of  the  nation’s  major  aerospace  industries  (RCA,  GK,  and  Hughes)  share  this  basic 
position. 

A.  Remote  Sensing  Center,  University  of  Massachusetts  (IJMass) 

I he  IJMass  proposal  is  somewhat  ambiguous  but  looks  to  an  evolutionary,  step- 
by-step  approach  leading  toward  commercialization.  However,  they  believe  the  current 
systems  would  require  extensive  federal  support  if  a transfer  to  private  industry  were 
attempted  in  the  near-term.  In  the  U Mass  plan,  individual  segments  of  the  current  systems 
would  be  modified  and  gradually  replaced  by  the  private  sector  until  full  commercializa- 
tion of  the  land  sensing  system  was  ac  hieved.  They  doubt,  that  total  private-sector  owner- 
ship/operation of  the  weather  sensing  system  is  feasible  now  or  in  the  foreseeable  future. 

( 1 ) Responsiveness  to  Federal  Needs: 

Insufficient  information  is  provided  to  permit  an  evaluation;  however,  a 
phased  take-over  should  fulfill  user  needs  initially. 

(2)  ( Continuity  of  Service: 

Information  provided  is  indeterminate  for  evaluation;  comments  in  the  pre- 
ceding paragraphs  apply. 

[18]  (3)  Feasibility: 

The  plan  for  stepwise  commercialization  can  be  implemented  within  current 
technology.  The  subsystems  of  data  receive/ record,  command  and  control,  image 
processing,  assessment  and  analysis,  and  communications  and  distribution  arc* 
readily  separable.  I he  distributed  processing  proposed  is  subject  to  the  same  com- 
ments as  for  Terra-Mar.  The  (apparent)  desire  for  a central  archive*,  as  well  as  local, 
limited  arc  hives,  is  technically  feasible;;  it  requires  only  a data  management  deci- 
sion. Since  the*  “existing  systems  would  be  unaffected,"  federal  global  modeling 
capac  ities  would  not  be  affected  in  the  near-term  (8-10  years).  However,  the  pro- 
posal postulates  eventual  replacement  of  government  sensors  by  private  sensors 
which  could  acquire  “Landsat-like”  data.  It  seems  unlikely  that  the  requirements 
for  more  advanced  se  ts  of  multispectral  data  can  he*  satisfied  by  Landsat-like  pri- 
vate sensors.  For  example,  geological  researchers  are  finding  that  spectral  resolu- 
tions on  the  order  of  10-20  nanometers  within  the  short  wavelength  region 
(Ll-2.fi  mic  rometers)  and  30-50  nanometers  within  the  thermal  region  (8—14 
micrometers)  are  showing  enormous  promise*  for  extracting  unique  signatures  of 
surfic  ial  minerals,  thereby  allowing  inferences  on  subsurface  content  and  struc- 
ture. These  capabilities  are  beyond  the  spectral  resolutions  on  Landsat. 

(4)  National  Security  and  Foreign  Policy  Concerns: 

I his  response  mentions  some  aspects  of  national  security  and  foreign  policy 
issues — e.g.,  providing  priority  weather  service  to  DOD.  However,  the  entire  con- 
cept is  drawn  up  in  the  context  of  U.S.  coverage  only,  with  no  provision  for  meet- 
ing federal  needs  for  foreign  area  data,  or  for  serving  foreign  users. 
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B.  RCA  (RCA  Astro-Electron ics,  RCA  American  Communications  and  RCA  Service 
Company) 

RCA  believes  that  Landsat  is  a candidate  for  future  transfer  to  private  industry 
only  if  there  are  significant  government  commitments  and  financial  [19]  guarantees. 
While  stating  that  both  weather  systems  (polar-orbiters  and  geostationary)  must  remain  in 
the  government,  RCA  offers  an  alternate  financing  proposal,  i.e.,  leasing  of  GOES  and 
TIROS  spacecraft,  tracking,  data  reception  and  data  distribution.  The  leasing  option  does 
not  provide  cost  savings  over  the  long  term  and  does  not  include  provisions  for  R&I),  data 
processing,  or  launch  services. 

(1)  Responsiveness  to  Federal  Needs: 

Not  adequately  addressed  for  evaluation,  although  a leasing  arrangement 
could  stipulate  those  requirements  to  be  met. 

(2)  Continuity  of  Service: 

Landsat  is  not  addressed.  Continuity  of  metsat  data  is  assured  for  the  dura- 
tion of  a lease. 

(3)  Feasibility: 

RCA  has  well-established  technical  credentials  to  perform  as  they  have  out- 
lined. The  proposed  changes  in  operations  and  system  upgrade  do  not  represent 
technical  risk  or  significant  technical  development.  The  postulated  3-axis  stabi- 
lized version  of  GOES  appears  reasonable,  but  not  enough  information  is  given 
to  assess  the  weight  margin  or  implied  lifetime.  The  proposed  Satellite 
Operations  Control  Center  (SOCC)  functional  flow  is  credible  and  achievable, 
but  whether  or  not  higher  automation  will  result  in  “minimum  on-site  support” 
cannot  be  ascertained.  A particularly  attractive  aspect  was  the  approach  to  dis- 
tributed processing  architecture,  single-point  failure  recovery,  and  redundancy. 
Somewhat  questionable  was  the  claim  made  for  optimized  real-time  versus  off-line 
partitioning  for  telemetry  analysis,  since  it  is  not  clear  what  may  be  optimum  for 
SOCC  functional  allocations. 

[20]  For  data  distribution,  the  proposal  indicates  that  satellite  communications 

are  the  best  form  of  consolidation  of  National  Weather  Service  (NWS)  require- 
ments, but  the  L-band  frequency  allocation  would  require  a variance  from  the 
FCC.  The  relay  capability  proposed  for  the  GOES  satellite  requires  new  design 
work  plus  development  effort  on  the  Marisat  traveling-wave-tube,  not  an  attractive 
prospect  from  a technical  risk  standpoint.  The  electronic  specifications  given  for 
power,  frequency,  gain,  bandwidth  and  sidelobes  were  not  analyzed  in  detail,  but 
appear  reasonable. 

(4)  National  Security  and  Foreign  Policy  Issues: 

There  are  no  national  security  or  foreign  policy  implications  in  the  RCA 
response. 

C.  Hughes  Aircraft  Company  (Hughes) 

Hughes  does  not  propose  to  participate  in  commercialization  activities  and  states 
that  both  land  and  weather  programs  should  remain  in  the  federal  government  for  at  least 
ten  years.  Hughes  recognizes  the  national  importance  of  land  remote  sensing  data  in 
international  trade  and  global  strategic  resource  inventories.  Therefore,  they  propose  that 
if  transfer  of  land  sensing  should  proceed,  then:  (a)  The  land  and  weather  programs  be 
addressed  separately;  (b)  Vendor  selection  be  done  competitively;  and  (c)  No  dominant 
entity  or  monopoly  be  created. 
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( 1 ) Responsiveness  to  Federal  Needs: 

Not  applicable. 

(2)  Continuity  of  Services: 

Not  applicable. 

[21 1 (3)  Feasibility: 

Not  applicable. 

(4)  National  Security  and  Foreign  Policy  Concerns: 

Not  applicable. 

I).  General  Elec  trie  Company.  Space  Systems  Division  (OF) 

GE  states,  “The  Laiulsat  program  continues  to  perforin  as  a significant  national 
asset."  After  extensive  analysis,  GE  finds  that  private  sector  takeover  of  Uandsat  has  unac- 
ceptably high  business  risks  at  this  time.  However,  . . continuation  of  Uandsat  under  gov- 
ernment sponsorship  is  imperative  to  protect  the  $1  billion  investment  . . . and  to  permit 
eventual  private  sector  involvement  if  it  proves  economically  feasible  in  the  future. 
Weather  satellite  systems  are  not  addressed,  and  there  is  no  basis  for  substantive  evaluation. 

(1)  Responsiveness  to  Federal  Needs: 

Not  applicable. 

(2)  Continuity  of  Service: 

Not  applicable. 

(3)  Feasibility: 

Not  applicable. 

(4)  National  Security  and  Foreign  Policy  Concerns: 

Not  applicable. 

[22]  E.  Ocean  Routes  Inc.  (OCEAN ROUTES) 

I bis  company  strongly  opposes  the  concept  of  transferring  weather  satellites  to  the 
private  sector,  since  such  an  enterprise  would  have  to  be  regulated  and  run  as  a monopoly 
with  government  subsidies  or  guarantees.  They  do  not  address  land  remote  sensing. 

( 1 ) Responsiveness  to  Federal  Needs: 

Not  applicable. 

(2)  Continuity  of  Service: 

Not  applicable. 

(3)  Feasibility: 

Not  applicable. 

(4)  National  Security  and  Foreign  Policy  Concerns; 

Not  applicable. 

[23 1 4.  CATEGORY  FOUR  - Other  Responses, 

Three  additional  responses  were  received  which  do  not  fit  the  criteria  used  in  this 
report  or  explicitly  address  the  questions  outlined  in  the  CBD  announcement  of 
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September  10,  1082.  (Comments  on  these  responses  arc  included  to  express  die  addition 
al  interest  generated  by  the  Commerce  announcement. 


A . Automctric,  Inc. 

Automctric  favors  the  move  to  commercialize  civil  remote  sensing  systems  but 
believes  a near-term  move  is  premature,  i.e.,  industry  is  being  placed  in  a position  of  bid- 
ding on  an  unknown  entity.  If  industry  miscalculates  the  market,  the  government  may  have 
to  ...  bail  them  out.  Autometric  does  propose  a quantitative  evaluation  of  the  relative 
merits  of  the  Kandsal  4 Thematic  Mapper,  the  French  SPOT  [Haute  (High)  Resolution 
Visible  on  SPOT]  HRV  sensor,  and  the  Large  Format  Camera  that  will  be  flown  on  the 
Space  Shuttle.  The*  evaluation  would  be  used  to  ascertain  the  commercial  value  of  the 
Thematic  Mapper  data.  No  commercialization  proposition  or  comments  are  provided. 

b.  Computer  Sciences  Corporation  (CSC) 

CSC  has  been  involved  with  the  Landsat  program  since  its  inception.  They  do  not 
comment  directly  on  private  sector  transfer,  but  state  a keen  interest  in  the  future  of  land 
sensing  and  request  inclusion  in  further  discussions  which  maybe  held  with  industry. 

( <•  Robert  Gcorgevic 

This  individual  described  himself  as  a University  Professor  from  southern 
California.  He  did  not  respond  in  detail,  hut  advocates  retaining  civil  remote  sensing  svs- 
terns  in  the  U.S.  government. 

[ 24 1 IV.  LIST  OF  RKSPONSKS 


Section  Response 

1 -A  Repot  f Commercialization  of  Civil  Remote  Sensing,  ' Communications 

Satellite  Corporation  (COMSAT),  October  22,  1982. 

f b Unsolicited  Proposal,  Environmental  Satellite  Data,  Inc.,  September  17,  1982. 

White  Paper,  “Civil  Operational  Remote  Sensing  From  Space,"  Control  Data 
Corporat ion,  Oc  tober  1982. 

2* A Document  I MA  10-011-82,  “Civil  Operational  Remote  Sensing  From  Space," 

Terra-Vlar,  October  1982. 

^■b  Report,  Response  to  the  Request  for  Information  With  Respect  to  Civil 

Operational  Remote  Sensing  From  Space,"  American  Science  and 
Technology  Corporation,  October  22,  1982. 

^ ' Letter  to  Dr.  John  H.  M<  Kirov,  Re:  “Civil  Remote  Sensing  Satellites;  Request 

for  Information,”  Space  Services  Incorporated  of  America,  October  22,  1982. 

^ Document,  “A  Plan  for  Commerc  ialization  of  the  U.S.  Civil  Remote*  Sensing 

System,"  Remote  Sensing  Center  - Hasbrouck,  University  of  Massachusetts 
October  21,  1982. 

Report  R-4412,  “Private  Sector  Involvement  in  Civil  Operational  Remote 
Sensing  from  Space,"  RCA,  October  22,  1982. 
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3.C  Report,  “Commercialization  of  United  States  Civil  Remote  Sensing  Satellite 

Systems,”  Hughes  Aircraft  Company,  October  21,  1982. 

[251  3.1)  Letter  to  I)r.  John  II.  McKlroy,  “Civil  Operational  Remote  Sensing  from 
Space,”  Space  Systems  Division,  General  Electric  Company,  October  21 , 1982. 

3. E  Letter  to  l)r.  John  IL  McKlroy,  Response  to  Secretary’s  Request  for 

Information,  Ocean  Routes  Incorporated,  Oc  tober  15,  1982. 

4.  A Precis,  “A  Quantitative  Evaluation  of  the  Landsat/TM,  the  SPOT/HRV  and 

the  Large  Format  Camera,”  Autometric,  Incorporated,  October  20,  1982. 

4.B  Letter  to  Dr.  John  II.  McKlroy,  Computer  Sciences  Corporation,  October  21, 
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4.C  Postcard  to  Dr.  John  H.  McKlroy  from  Dr.  Robert  Georgevic,  San  Diego, 
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Document  11-35 

Document  title:  “Transfer  of  Civil  Meteorological  Satellites,”  House  Concurrent 
Resolution  168,  November  14,  1983. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

While  Congress  was  willing  to  consider  transferring  control  of  the  Landsat  system  to  the  private  sec- 
tor, it  did  not  want  to  do  the  same  with  the  weather  satellites , citing  the  argument  that  weather  ser- 
vices were  clearly  a public  good.  Therefore , House  member  Don  Fuqua  of  Florida  introduced  House 
Concurrent  Resolution  16X  in  November  19X3;  the  resolution  would  effectively  exclude  weather  satel- 
lites from  the  privatization  process,  because  the  issue  of  weather  satellites  was  impeding  progress  on 
the  transfer  of  Earth  observation  satellites  to  the  private  sector.  President  Reagan  signed  the  resolu- 
tion, thus  opening  the  door  for  the  Land  Remote  Sensing  Commercialization  Act  of  19X4 , which  was 
passed  just  snten  months  later. 

H 9812  CONGRESSIONAL  RECORD — HOUSE  November  14,  1983 

[no  pagination]  TRANSFER  OF  CIVIL  METEOROLOGICAL  SATF.LLI  IKS 

Mr.  FUQUA.  Speaker,  I move  to  suspend  the  rules  and  agree  to  the  concurrent  reso- 
lution, (II.  Con.  Res.  168)  expressing  the  sense  of  the  Congress  that  it  is  not  appropriate* 
at  this  time  to  transfer  ownership  or  management,  of  any  civil  meteorological  satellite  sys- 
tem and  associated  ground  system  equipment  to  the  private  sector. 

The  clerk  read  as  follows: 

H.  Con.  Res.  1 68 

Whereas  the  Federal  Government  has  traditionally  provided  weather  forecasts  which 
rely  significantly  upon  data  gathered  by  civil  meteorological  satellites; 

Whereas  within  the  United  Stales  the  Federal  Government  is  the  principal  user  of 
data  gathered  by  civil  meteorological  satellites: 
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Whereas  the  Federal  Government  has  the  responsibility  for  providing  forecasts  and 
warnings  regarding  severe  weather  in  order  to  protect  property  and  public  safety; 

Whereas  the  United  States  has  engaged  for  over  one  hundred  years  in  the  f ree  inter- 
national exchange  of  meteorological  data; 

Whereas  civil  meteorological  satellite  systems  and  associated  ground  system  equip- 
ment are  essential  components  in  ensuring  the  national  security  of  the  Nation  through 
their  use  in  conjunction  with  satellites  operated  by  the  Department  of  Defense; 

Whereas  transfer  to  the  private  sector  of  ownership  or  management  of  any  civil  mete- 
orological satellite  system  and  associated  ground  system  equipment  would  likely  create  a 
Government-subsidized  monopoly  and  jeopardize  the  cost  efficiency  and  reliability  of 
data  gathered  by  civil  meteorological  satellites; 

Whereas  it  is  highly  unlikely  that,  under  the  current  plan  for  transfer  of  civil  meteo- 
rological satellites,  any  significant  new  commercial  venture  involving  marketing  of  weath- 
er data  would  develop; 

Whereas  skepticism  in  the  Congress  about  the  transfer  of  the  civil  meteorological 
satellite  system  could  complicate  and  delay  the  pressing  decision  about  the  future  of  the 
civil  land  remote  sensing  satellite  system;  and 

Whereas  no  satisfactory  explanations  or  proposals  have  been  advanced  for  the  trans- 
fer of  ownership  or  management  of  any  civil  meteorological  satellite  and  associated 
ground  system  equipment  to  the  private  sector:  Now,  therefore,  be  it 

Resolved  by  the  House  of  Representatives  (the  Senate  concurring),  that  it  is  the  sense  of  the 
Congress  that  it  is  not  appropriate  at  this  time  to  transfer  ownership  or  management  of 
any  civil  meteorological  satellite  system  and  associated  ground  system  equipment  to  the 
private  sector. 

The  SPEAKER  pro  tempore.  Pursuant  to  the  rule,  a second  is  not  required  on  this 
motion. 

The  gentleman  from  Florida  (Mr.  FUQUA)  will  be  recognized  for  20  minutes  and  the 
gentleman  from  New  York  (Mr.  CARNEY)  will  be  recognized  for  20  minutes. 

The  Chair  recognizes  the  gentleman  from  Florida  (Mr.  FUQUA). 

Mr.  FUQUA.  Mr.  Speaker,  I yield  myself  2 minutes. 

(Mr.  FUQUA  asked  and  was  given  permission  to  revise  and  extend  his  remarks.) 

Mr.  FUQUA.  Mr.  Speaker,  House  Concurrent  Resolution  108  expresses  the  sense  of 
the  Congress  that  it  is  not  appropriate  at  this  time  to  sell  this  Nation’s  civilian  weather 
satellites  to  the  private  sector.  The  purpose  of  the  concurrent  resolution  is  to  halt  the 
administration’s  effort  to  sell  these  satellites  by  sending  a dear  and  unambiguous  signal 
to  the  administration  and  to  U.S.  industry  that  the  Congress  does  not  consider  such  a 
transfer  to  be  in  the  national  interest. 

Mr.  Speaker,  our  committee  is  of  the  view,  after  reviewing  both  the  public  testimony 
on  this  issue  and  the  administration’s  plans  for  transfer,  that  the  proposal  to  transfer 
weather  satellites  is  not  sound  and  that  considerable  time,  effort,  and  resources  will  be 
saved  by  halting  this  proposal  immediately.  Our  committee  reached  this  conclusion  for 
several  reasons: 

The  public  service  nature  of  weather  services; 

The  danger  of  establishing  a federally  protected  monopoly; 

National  security  considerations;  and 

The  need  to  concentrate  the  debate  on  commercializing  land  remote-sensing  satellites. 

In  sum  the  committee  concurred  with  the  view  presented  in  a November  10,  1983 
Joint  NASA/Department  of  Defense  study: 

I here  is  considerable  financial , policy , and  program  risk  to  the  Government  in  commercializing 
weather  satellites  and  there  is  no  clear  policy  or  financial  benefit  to  be  realized . 
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Mr.  Speaker,  House  Concurrent  Resolution  168  currently  has  over  150  co-sponsors. 
The  resolution  received  strong  bipartisan  support  in  our  committee,  and  an  identical  res- 
olution passed  unanimously  in  the  other  body  last  month.  This  has  not  been,  and  it 
should  not  be,  a partisan  issue  in  the  Congress,  and  I urge  my  colleagues  to  support  pas- 
sage of  the  resolution. 

Mr.  Speaker,  I yield  to  the  gentleman  from  New  York  (Mr.  SCHEUER),  the  chairman 
of  the  subcommittee  that  handled  this  concurrent  resolution. 

Mr.  SCHEUER.  I thank  the  gentleman  for  yielding. 

Mr.  Speaker,  the  chief  Sponsor  of  this  measure,  the  gentleman  from  Texas  (Mr. 
ANDREWS),  has  done  an  outstandingly  fine  leadership  job  in  promoting  this  resolution 
and  in  developing  the  support  that  the  chairman  just  mentioned.  I yield  such  time  as  lie 
may  consume  to  the  gentleman  to  explain  the  resolution,  what  motivated  him,  what  the 
resolution  means,  and  for  any  further  explanation  the  gentleman  might  like  to  make. 

(Mr.  ANDREWS  of  Texas  asked  and  was  given  permission  to  revise  and  extend  his 
remarks.) 

Mr.  ANDREWS  of  Texas.  I thank  the  gentleman  for  yielding  lime  to  me. 

Mr.  Spe  aker,  I rise  today  to  speak  on  an  issue  that  I suspect  many  thought  fell  by  the 
wayside  long  ago.  Back  in  March  of  this  year  when  the  President  announced  his  intention 
to  commercialize  our  Nation’s  four  weather  satellites,  there  rose  from  the  public  and  f rom 
Congress  an  outcry  that  was  so  loud,  so  overwhelmingly  clear  and  devoid  of  partisanship 
that  I would  have  thought  the  administration  would  have  understood  that  this  ill- 
conceived  proposal  would  never  gain  the  approval  of  Congress.  In  heat  ing  after  hearing 
held  this  year  by  the  Science  and  Technology  Committee,  we  have  received  testimony  and 
reports  which  have  been  consistently  negative  with  respect  to  this  proposed  sale — from 
sources  which  include  the  President’s  own  private  sector  survey  on  cost  control,  NASA,  the 
Department  of  Defense,  three  congressionallv  chartered  panels,  a Commerce 
Department  Advisory  Committee,  and  the  World  Meteorological  Organization. 
Representative  of  the  testimony  was  the  conclusion  of  a joint  DOD-NASA  study: 

There  is  considerable  financial  polity,  and  program  risk  to  the  Government  in  commercializing 
weather  satellites  and  there  is  no  clear  policy  or  financial  benefit  to  be  realized . 

Despite  the  testimony,  despite  the  fact  that  the  Senate  has  passed  not  only  a resolu- 
tion identical  to  this  one  but  language  actually  prohibiting  the  use  of  Commerce  f unds  to 
write  a bid  document  including  the  weather  satellites,  despite  the  introduction  of  this  res- 
olution in  the  House;  despite  its  150  co-sponsors  and  its  overwhelming  endorsement  by 
the  Science  and  Technology  Committee,  the  administration  is  moving  ahead  full  speed. 
The  Department  of  Commerce  is  drafting  a request  for  proposal  that  includes  weather 
satellites  and  that  document  is  due  to  be  released  to  the  private  sector  in  final  form  in 
December. 

Selling  the  weather  satellites  does  not  make  economic  sense.  The  National  Weather 
Service  accounts  for  95  percent  of  the  first  use  of  our  weather  data.  By  what  logic  should 
the  Government  sell  its  $1.6  billion  weather  satellite  system  to  a private  company  at  a 
greatly  reduced  rate,  only  to  sign  a long-term  monopolistic  contract  for  data  services 
which  could  end  up  costing  taxpayers  more  than  $100  million  per  year? 

Furthermore,  such  a sale  would  have  serious  national  security  implications.  Selling 
these  satellites  would  necessitate  significant,  and  perhaps  unwieldy,  oversight  and  regula- 
tion by  the  IX)D  which  relies  on  civil  weather  satellites  both  in  its  routine  operations  and 
in  military  emergencies. 

The  salt*  would  threaten  the  quality  of  our  weather  data  since  a private  operator  would 
have  little  incentive — other  than  price-gouging  perhaps — to  improve  services.  Stagnant 
technolog)  would  hurt  everyone  who  relies  on  weather  information:  the  farmer,  the  pilot 
and  the  citizen  dependent  on  Federal  tornado  and  hurricane  warnings. 
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In  addition,  while  some  weather  information  is  commercially  marketed  now,  the  sale 
of  our  satellite  system  would  not  enhance  that  market  one  iota.  In  reviewing  the  initial 
draft  of  Commerce’s  RFP,  the  DOD  insisted  that  a provision  be  included  allowing  the  free 
and  open  distribution  of  weather  data  to  our  allies  around  the  world,  as  we  have  tradi- 
tionally done.  The  DOD  insisted  on  this  provision  because  of  their  fear  that  should  the 
United  States  begin  selling  weather  data  to  foreign  governments  instead  of  offering  it  free, 
those  foreign  governments  would  limit  the  data  they  provide  to  the  United  Stales,  data 
which  is  crucial  to  U.S.  military  operations.  This  leads  inescapably  to  the  conclusion  that 
the  transfer  of  these  satellites  is  neither  militarily  prudent  nor  commercially  viable.  For  if 
weather  data  from  U.S.  satellites  is  made  available  internationally,  it  can  be  transmitted  on 
public  airwaves  to  the  United  States,  thus  destroying  not  only  the  international  market, 
hut  the  domestic  market  as  well.  The  demands  of  our  military  and  the  requirements  of 
commercialization  are  irreconcilable. 

But  perhaps  the  most  compelling  reason  to  disassociate  the  weather  satellites  f rom  the 
RFP  process  now  is  that  the  extended  consideration  we  are  giving  to  their  salt*  only  delays 
the  decision  to  commercialize  land  remote  sensing  satellites.  The  continued  coupling  of 
the  land  and  weather  satellites  only  guarantees  that  the  land  satellite  issue  will  not  be 
resolved  by  Congress  until  as  late  as  mid- 1985  at  which  point  we  may  have  forfeited  to  our 
competitors  overseas  what  promises  to  be  a multibillion  domestic  market. 

Thanks  to  the  Bateman  amendment  to  the  NASA  bill,  the  administration  will  have  to 
come  to  Congress  sooner  or  later  to  seek  approval  for  that  RFP.  And  when  they  do,  I feel 
sure  the  weather  satellite  portion  of  it  will  not  survive  the  scrutiny  of  this  Congress.  My 
concern  is  that  the  private  sector  be  adequately  forewarned.  It  is  disingenuous  and  unfair 
to  ask  American  companies  to  spend  their  valuable  time  and  resources  responding  to  a 
proposal  that  has  no  hope  of  getting  by  Congress.  It  is  time  that  we  send  a clear  message 
to  the  administration  and  to  the  boardrooms  of  those  companies  that  would  bid  our 
weather  satellites.  They  are  not  for  sale.  That  is  the  sole  purpose  of  this  resolution.  It 
deserves  to  pass  and  1 urge  its  prompt  approval. 

Mr.  SCHFUFR.  Mr.  Speaker,  I yield  myself  such  time  as  I may  consume. 

(Mr.  SCHEUKR  asked  and  was  given  permission  to  revise  and  extend  his  remarks.) 

Mr.  SCHFUFR.  Mr.  Speaker,  as  the  gentleman  from  Texas  (Mr.  ANDREWS)  indicat- 
ed, this  proposal  to  sell  the  weather  satellites  is  truly  a nonstarter.  It  is  truly  a proposal 
whose  time  will  never  come.  And  it  is  a dangerous  proposal,  not  just  a silly  proposal.  It  is 
a dangerous  proposal  because  it  is  diverting  our  attention  from  the  main  game,  from  the 
main  competitive  global  arena  in  which  U.S.  enterprise  really  can  play  a dynamic  success- 
ful role  and  that  is  in  the  area  of  Tandsat,  in  the  area  of  Landsat  that  is  appropriate  for 
commercialization.  And  if  we  dilly  and  dally  with  this  absolutely  preposterous  idea  of  com- 
mercializing weathersat  which  13  out  of  14  Government-industry  respondents  have  told 
us  is  intrinsically  a Government  function  and  should  never  be  commercialized,  if  we  dilly 
and  dally,  fiddling  about  with  this,  we  are  going  to  continue  to  let  our  position  in  Landsat 
erode  to  the  point  where  the  French  and  the  Japanese  are  going  to  beat  us  to  the  punch 
and  preempt  our  leadership  in  space  in  the  very  arena  where  private  capital  could  pay  a 
dynamic  and  successful  role. 

Mr.  Speaker,  1 would  like  to  expand  upon  a point  raised  by  the  gentleman  from 
Florida  (Mr.  FUQUA) — that  pursuing  the  sale  of  weather  satellites  needlessly  complicates 
the  urgent  need  to  maintain  U.S.  leadership  in  land  remoie  sensing. 

File  U.S.  Government  has  operated  civilian  land-remote-sensing  satellites,  or  Landsat, 
since  1972. 

Since  that  time,  Landsat  has  provided  a wealth  of  information  on:  Natural  resources, 
mineral  deposits,  and  agricultural  productivity. 

At  low  cost  to:  Federal  agencies,  to  private  industry,  and  over  40  nations  around  the 
world. 
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The  program  has  been  an  enormous  scientific  success,  and  it  has  been  a great  source 
of  international  good  will  for  our  Nation. 

Landsat,  unlike  weather  satellites,  might  profitably  be  operated  by  the  private  sector, 
since  the  data  that  it  produces  art*  of  use  not  only  to  scientific  researchers  and  to 
Government,  agencies,  but  also  to  a number  of  private  companies,  including  oil  and  min- 
eral exploration  firms  and  various  agricultural  interests. 

1 agree  with  the  administration  that  the  time  is  right  to  investigate  our  options  for 
commercializing  this  emerging  technolog);  especially  sinc  e the  United  States  will  face  stiff 
competition  in  the*  field  of  land  remote-sensing  from  the  French  and  the  Japanese  by  the 
mid-  to  late-19S0’s. 

I disagree  strongly,  however,  with  the  administration’s  perverse  approach  to  this  inter- 
national challenge — namely,  to  kill  immediately  all  funding  for  the*  Landsat  program  and 
to  put  our  c ivilian  weather  satellites,  an  inherently  governmental  system,  up  for  sale*. 

The  administration  pursued  these  policies  under  the  assumption  that  U.S.  industry 
would  rush  into  competition  with  subsidized  French  and  Japanese  systems  by  launching 
fully  private  land  remote-sensing  systems. 

Predictably  the*  gamble  failed. 

No  U.S.  industry  could  possibly  enter  this  field  at  the  present  time  without  some  form 
of  temporary  Government  subsidy. 

This  subsidy  is  a nec  essary  evil  if  we  hope  to  avoid  giving  up  another  potentially  lucra- 
tive commercial  opportunity  to  our  competitors. 

The  irony  of  our  deteriorating  situation,  of  course,  is  that  this  commercial  opportu- 
nity exists  only  because  the*  U.S.  taxpayer,  over  the  past  12  years,  has  supported  a Landsat 
program  which  has  convinc  ingly  demonstrated  the  feasibility  of  commerc  ial  land  remote 
sensing. 

Mr.  Speaker,  many  of  us  share  a deep  concern  that  the*  United  States  is  about  to  frit- 
ter away  its  technological  leadership  in  an  area  where,  over  the*  next  20  years,  we  expect 
to  see  tremendous  global  commercial  expansion. 

In  this  e ase,  our  industrial  expansion  and  ability  to  compete  in  global  markets  is  threat- 
c*ne*d  not  by  a lack  of  resource's,  nor  by  a lack  of  creativity,  nor  by  a lac  k of  productivity. 

We*  are  threatened  solely  by  Government  inaction. 

I believe  we  still  have  time  to  preserve  our  remote-sensing  industry,  but  only  if  we  act 
expeditiously  on  two  fronts. 

First,  we  need  to  halt  this  absurd  proposal  to  commercialize  weather  satellites.  It  is  a 
silly  diversion  from  the  main  global  game — Landsat.  We  must  get  our  eye  on  the  ball. 

Next,  we  need  to  agree  on  a policy  which  will  effect  a rational  transition  between 
Government,  operation  of  land  remote-sensing  systems  and  fully  private  operation  of  these 
systems. 

Last  week,  the  gentleman  from  Missouri  (Mr.  VOLKMER)  and  1 held  2 days  of  joint 
hearings  on  draft  legislation  aimed  at  effecting  such  a transition. 

Conc  urre  nt  with  our  consideration  of  this  draft  legislation,  the  administration  has 
been  preparing  a requesl-for-proposal  (RFP)  to  solicit  industry  bids  on  present  and  future 
land  remote-sensing  systems. 

I was  greatly  heartened  by  the  testimony  that  we  received  on  the  legislation,  both  from 
witnesses  representing  U.S.  industry  and  from  the  administration’s  witness,  Mr.  Ray 
Rammer,  who  is  c hairman  of  the  Source  Evaluation  Board  for  Civil  Remote  Sensing. 

Mr.  Rammer  found  many  parallels  and  few  major  inconsistencies  between  his  efforts 
and  the  provisions  of  the  legislation,  and  1 look  forward  to  working  with  Mr.  Rammer  and 
others  in  the*  administration  to  insure  that,  as  Congress  articulates  a coherent  policy  for 
commercializing  land  remote-sensing  activities  over  the  next  (>  months,  the  administration 
aggressively  implements  that  polic  y. 
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It  would  be  truly  unfortunate  to  see  a repetition  of  the  circumstances  surrounding  the 
weather-satellite  issue,  wherein  despite  repeated  signals  from  the  Congress,  the  adminis- 
tration continued  to  pursue  a policy  which  had  little,  if  any,  support  in  either  House  of 
Congress. 

Mr.  Chairman,  I strongly  support  the  concurrent  resolution  sponsored  by  the  gentle- 
man from  Texas  (Mr.  ANDREWS),  both  because  selling  weather  satellites  is  a bad  idea  and 
because  we  need  to  proceed  quickly  toward  the  resolution  of  the  real  issue  of  this 
debate — namely,  how  to  transfer,  in  a rational  way,  our  land  remote-sensing  capabilities  to 
the  private  sector. 

I urge  my  colleagues  to  support  House  Concurrent  Resolution  168. 

1 640 

Mr.  McCRATH.  Mr.  Speaker,  I yield  myself  such  time  as  I may  consume. 

(Mr.  McGRATH  asked  and  was  given  permission  to  revise  and  extend  his  remarks.) 

Mr.  McGRATH.  Mr.  Speaker,  I r ise  in  support  of  this  resolution,  but  I do  so  with  some 
reservations.  Right  now  I do  not  feel  that  the  transfer  to  the  private  sector  of  the  weather 
satellites  is  in  the  national  interest.  However,  I would  like  to  withhold  final  judgment  on 
this  issue  until  the  RFP  process  currently  being  conducted  by  the  Department  of 
Commerce  is  complete. 

After  the  responses  to  the  RFP  are  in,  we  will  have  a great  deal  more  information 
about  whether  or  not  to  go  forward  with  this  transfer.  We  will  have  the  factual  basis  for 
determining  whether  the  weather-satellite  system  is  suitable  for  transfer  to  the  private  sec- 
tor or  if,  as  I believe  will  be  the  case,  they  are  not  suitable. 

Mr.  Speaker,  I have*  been  following  this  issue  very  carefully  for  the  past  2 1/2  years. 
The  civilian  weather  satellites  are  essential  to  the  protection  of  public  health  and  safety, 
and  they  serve  as  a backup  to  the  defense  meteorological  system.  The  weather  satellites 
are  inherently  governmental,  as  evidenced  by  the  fact  that  over  95  percent  of  the  market 
for  the  data  from  these  satellites  is  the  U.S.  Government.  For  these  reasons,  I do  not  think 
it  would  be  wise  to  transfer  this  system  to  the  private  sector. 

In  the  Committee  on  Science  and  Technology,  we  held  five  hearings  on  the  commer- 
cialization of  the  land  and  weather  satellite's,  and  while  the  consensus  was  that  the  land 
system  should  Ik*  commercialized,  strong  opposition  to  the  transfer  of  the  Metsat  system 
was  expressed  by  a wide  range  of  witnesses  from  both  the  public  and  private  sectors. 

Mr.  Speaker,  it  is  my  hope  that  once  the  controversy  of  the  Metsat  transfer  has  been 
removed  from  consideration,  the  Congress  and  the  administration  will  be  able  to  con- 
centrate on  the  commercialization  of  the  land  remote-sensing  system  which  is  more  ratio- 
nally in  the  public  interest. 

Mr.  Speaker.  I yield  2 minutes  for  myself  . 

(Mrs.  SMITH  of  Nebraska  asked  and  was  given  permission  to  revise  and  extend  her 
remarks.) 

Mrs.  SMITH  of  Nebraska.  Mr.  Speaker,  I rise  in  strong  support  of  this  legislation 
expressing  the  sense  of  Congress  with  regard  to  weather  satellites. 

1 am  a cosponsor  of  this  bill  w hich  puts  Congress  on  record  in  opposition  to  the  trans- 
fer of  ownership  or  management  of  the  Nation’s  weather  satellites  to  the  private  sector  at 
this  time. 

In  March  of  this  year,  the  Department  of  Commerce  proposed  to  commercialize  civil 
weather  and  land  remote-sensing  satellites.  This  proposal  has  had  remarkably  little  sup- 
port especially  with  respect  to  weather  satellites.  It  is  no  wonder.  Over  99  percent  of  t he 
data  generated  by  the  weather  satellites  is  in  fact  used  by  civil  and  military  agencies  of  the 
U.S.  Government. 
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l he  proposed  sale  of  weather  satellites  would  not  save  the  Government  any  money. 
I he  Defense  Department  estimates  that  the  sale  would  cost  tax-payers  about  $800  million 
more  over  10  years  than  it  would  cost  the  Government  to  continue  to  operate  them. 

Congressional  hearings  have  brought  out  considerable  opposition  to  selling  off  the 
Government’s  satellites.  The  administration’s  own  private  sector  survey  on  cost  control, 
the  Department  of  Defense,  NASA,  and  other  Government  groups  all  find  that  there  is  no 
advantage  to  commercializing  the  weather  satellites. 

My  main  concern  about  the  satellite  sale  proposal  is  the  effect  it  would  have  on  our 
farmers  and  ranchers,  pilots,  and  other  citizens  who  depend  on  accurate  and  timely 
reports  on  the  weather.  The  future  of  the  present  weather  reporting  systems  would  be  in 
doubt  with  the  sale  of  our  “eyes  in  the  sky.”  There  are  no  answers  to  the  questions  about 
future  availability  of  weather  information,  the*  national  security  implications  of  selling  our 
satellites,  or  the  safety  implications  because  this  idea  has  not  had  enough  study.  Let  us 
adopt  this  simple  resolution  and  give*  the  whole  issue  of  weather  satellites  and  Landsat 
thorough  study. 

Mr.  McGRAI  H.  Mr.  Speaker,  I yield  2 minutes,  for  debate*  only,  to  the*  gentleman  from 
Virginia  (Mr.  BATEMAN). 

Mr.  BA  I LMAN  Mr.  Speaker,  I appreciate  the  gentleman’s  yielding  this  time  to  me. 

I would  like  to  associate  myself  with  the  remarks  that  have  been  made  by  the  distin- 
guished Members  who  preceeled  me*  who  spoke  in  favor  of  the  resolution  and  against  the 
proposition  of  commercializing  our  weather  satellite  systems. 

As  the  gentleman  from  lexas  (Mr.  ANDREWS)  observe*d,  earlier  this  year  I offered  an 
amendment  w hich  was  adopted  and  has  passed  both  House's  of  the  Congress  which  would 
have  made  the  prior  consent  of  the  Congress  as  to  the  commercialization  of  the*  weather 
sate  llites  a condition  of  sue  h a step  being  taken.  In  view  of  the  fact  that  the  other  body  has 
conclusively  and  unanimously  indicated  that  it  is  not  disposed  and  would  not  consent  to 
any  commercialization  of  the  weather  satellites,  it  is  my  feeling,  which  I share  with  the*  ge*n- 
tleman  from  lexas,  that  private*  industry  and  the  Government  itself  should  not  be  put 
through  a frivolous  exercise,  with  the*  expenditure  of  a great  de*al  of  money,  research, 
investigation,  and  study,  all  to  come  to  absolutely  naught. 

for  those*  reasons  Mr.  Spe*ake*r,  I think  this  resolution  is  we  ll  conceived  and  should  he 
supported. 

Mr.  McGRATH.  Mr.  Speaker,  1 reserve  the  balance  of  my  time. 

Mr.  fl’QUA.  Mr.  Speaker,  I yield  such  time  as  he*  may  consume*  to  the  distinguishe  d 
gentleman  from  Florida  (Mr.  NELSON),  a member  of  the  committee. 

Mr.  NELSON  of  Florida.  Mr.  Speaker,  I thank  the  chairman  of  the  committee  for 
yielding  this  time  to  me. 

I just  want  to  say  that  this  resolution  sponsored  by  the  gentleman  from  lexas  (Mr. 
ANDREWS)  is  a resolution  that  we  should  not  have  te>  be*  debating  here.  But  here  is  con- 
stitutional government  working  at  its  best,  one  branch  balancing  off  against  the  other 
branch.  The  executive  branch  has  simply  made  a mistake.  And  they  have*  to  be  brought 
back  onto  the*  correct  course  by  the  congressional  branch. 

With  sec  urity  at  risk,  we  should  not  he  sending  our  weather  satellites  to  the  commer- 
cial sec  tor  where  in  a time  of  emergency  the  Government  may  not  have  access  te>  that 
weather  information. 

So,  Mr.  Speaker,  I certainly  urge*  a yes  vote  on  this  resolution. 

Mr.  FUQUA.  Mr.  Speaker,  I yield  such  time  as  he  may  consume  to  the  distinguished 
dele  gate  from  Puerto  Rico  (Mr.  CORRADA). 

Mr.  (X)RRADA.  Mr.  Speaker,  I thank  the  gentleman  for  yielding  this  time  to  me. 

Mr.  Speaker,  I join  in  voicing  my  strong  support  for  House  Concurrent  Resolution  1(>8 
which  e*xpre*sse*s  the*  sense  of  the*  Congress  that  the  civil  meteorological  satellite*  system 
should  not  be*  sold  e>r  transferred  to  the*  private  sector. 
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The  importanl  data  and  work  collected  by  these  satellites  underscore  the  need  for 
maintaining  them  in  Government  hands.  The  collection  and  dissemination  of  weather 
information  is  crucial  to  every  person  across  the  Nation,  from  the  farmers  in  Nebraska  to 
vacationers  in  Puerto  Rico.  The  need  for  precise  and  reliable  access  must  be  protected 
and  preserved  to  ensure  not  only  the  health  of  our  population  but  also  our  continued  eco- 
nomic vitality. 

The  plan  to  transfer  the  weather  satellites  to  the  private  sector  is  misguided  and  inim- 
ical to  the  public  good.  I urge  my  colleagues  to  vote  in  favor  of  this  resolution  and  thus 
send  a clear  signal  to  the  administration  about  our  position  on  this  important  issue. 

Mr.  McGRATl  I.  Mr.  Speaker,  I yield  2 minutes,  for  debate  purposes,  to  the  gentleman 
from  Pennsylvania  (Mr.  WALKER). 

Mr.  WALKER.  Mr.  Speaker,  in  his  book  ‘The  High  Road,"  Ben  Bova  talked  about  the 
proposition  that  there  are  two  types  of  people  that  approach  policy  in  this  country  or 
throughout  history.  They  are  the  Promethians  and  the  Luddites.  The  Promethians  are 
essentially  those  people  who  look  toward  the  future,  who  try  to  find  ways  in  which  to  use 
that  which  is  in  the  present  to  promote  the  f uture.  The  Luddites  are  those  people  who  are 
wedded  to  the  past,  who  try  to  hold  on  to  exactly  what  is  without  having  any  concept  of 
the  future  at  all. 

I submit,  Mr.  Speaker,  that  this  is  a Luddite  bill.  1 say  that  by  slating  that  we  are  unwill- 
ing to  move  forward  toward  commercialization  of  weather  satellites;  we  are  exempting 
one  large  area  from  commercialization  that  has  the  potential  of  being  commercialized 
immediately.  If  there  is  one  thing  that  we  should  be  all  about  in  our  space  program,  it  is 
moving  out  of  research  and  development  toward  commercialization.  The  more  commer- 
cialization we  promote  as  a nation  in  outer  space,  the  more  chance  we  have  of  reaping  the 
economic  rewards  that  come  from  that. 
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These  are  not  minor  economic  rewards.  There  are  some  people  who  are  farsighted 
enough  to  believe  that  commercialization  of  outer  space  over  the  next  20  to  25  years,  if 
given  the  proper  investment  attitude,  could  reap  a trillion  dollar  economy  from  outer 
space,  a spaced-based  economy  of  a trillion  dollars.  That  in  terms  of  1983,  that  is  the 
equivalent  of  .35  million  jobs. 

We  often  sit  on  this  House  floor  and  we  hear  debating  about  the  fact,  where  are  the 
jobs  going  to  come  from?  How  are  we  going  to  provide  jobs  for  the  future?  Where  are  the 
jobs  for  people  who  do  not  have  them?  With  hi-tech  emerging,  where  are  the  jobs  going 
to  come  from? 

One  of  the  places  they  are  going  to  come  from  is  by  properly  industrializing  and  com- 
mercializing outer  space.  When  we  pass  bills  of  this  type,  when  we  say  that  we  are  going  to 
take  as  a matter  of  public  policy  and  X-out  of  our  consideration  weather  satellites,  we  art* 
taking  the  first  step  toward  limiting  the  amount  of  investment  that  will  ever  be  made  in 
outer  space  and  the  amount  of  jobs  that  can  Ik*  created. 

I think  that  is  wrong.  I think  this  is  a sad  bill  and  I hope  people  will  vote  against  it. 

Mr.  BROOKS.  Mr.  Speaker,  this  past  March  the  President  announced  his  intention  to 
commercialize  our  Government’s  weather  and  land  remote  sensing  satellites.  It  was  clear 
from  the  beginning  that  the  offer  to  sell  the  weather  satellites  was  simply  an  attempt  to 
make  the  sale  of  the  land  remote  sensing  satellite  more  appealing. 

I find  this  entire  commercialization  effort  most  bothersome  and  have  been  vocally 
opposed  to  it  from  the  very  beginning.  While  many  of  us  may  disagree  with  the  desirabil- 
ity of  retaining  a land  remote  sensing  satellite  program  within  the  Government,  I know  of 
no  one  who  disagrees  with  the  wisdom  of  retaining  Government  control  over  our  Nation’s 
weather  satellites.  Many  of  us  have  made  this  fact  known  to  the  administration  during  the 
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past  few  months,  and  yet  the  process  to  commercialize  them  continues.  At  risk,  if  this 
process  continues  to  completion,  is  the  very  security  and  well-being  of  our  Nation,  lor  we 
depend  daily  upon  our  ability  to  gather  and  analyze  weather  data  from  around  the  coun- 
try as  well  as  the  globe. 

I urge  all  of  you  to  support  this  resolution,  of  which  I am  a cosponsor,  and  hope  that 
the  administration  will  financially  understand  and  accept  that  our  Nation’s  weather  satel- 
lites will  not  Ik*  sold. 

Mr.  McORATH.  Mr.  Speaker,  I yield  back  the  balance  of  my  time. 

GENERAL  LEAVE 

Mr.  FUQUA.  Mr.  Speaker,  I ask  unanimous  consent  that  all  Members  may  have  5 legisla- 
tive days  in  which  to  revise  and  extend  their  remarks  on  I louse  Concurrent  Resolution  l OS. 

The  SPEAKER  pro  tempore.  Is  there  objection  to  the  request  of  the  gentleman  from 
Florida? 

There  was  no  objection. 

Mr.  FUQUA.  Mr.  Speaker,  I have  no  further  requests  for  time  and  I yield  back  the  bal- 
ance of  my  lime. 

The  SPEAKER  pro  tempore.  Flu*  question  is  on  the  motion  offered  by  the  gentleman 
from  Florida  (Mr.  FUQUA)  that  the  House  suspend  the  rules  and  agree  to  the  concurrent 
resolution,  1 louse  Concurrent  Resolution  168. 

The  question  was  taken. 

Mr.  CARNEY  Mr.  Speaker,  on  that  I demand  the  yeas  and  nays. 

The  yeas  and  nays  were  ordered. 

The  SPEAKER,  pro  tempore.  Pursuant  to  the  provisions  of  clause  f>  of  rule  I and  the 
Chair’s  prior  announcement,  further  proceedings  on  this  motion  will  be  postponed.  . . . 
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So  (two-thirds  having  voted  in  favor  thereof)  the  rules  were  suspended  and  the  con- 
current resolution  was  agreed  to. 

The  result  of  the  vote  was  announced  as  above  recorded  [yeas  377,  nays  28,  not  vot- 
ing 29 1. 

A motion  to  reconsider  was  laid  on  the  table. 

Document  11-36 

Document  title:  “Land  Remote-Sensing  Commercialization  Act  of  1984,”  Public  Law 
98-365,  98  Stat.  45 1 , July  1 7,  1 984. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

The  Land  Remote-Sensing  Commercialization  Act  of  1984  was  the  ml  mi  nation  of  many  years  of  debate 
over  who  should  control  the  Earth  remote-sensing  system  operated  through  the  Land  sat  satellites. 
Although  the  Reagan  administration  had  advocated  the  outright  sale  of  the  entire  Landsat  system  as 
well  as  the  nations  weather  satellites,  the  Remote  Sensing  Act  of  1984  was  much  more  limited  in  scope. 
Specifically , it  gave  the  Secretary  of  Commerce  authority  to  contract  to  private  industry  the  marketing 
of  un enhanced  I.andsat  data.  Subsequently , the  contract  was  awarded  to  the  Earth  Observation 
Satellite  Company  (EOSAl),  a joint  venture  between  RCA  and  Hughes  Aim  a ft  Corporation. 
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[no  pagination]  PUBLIC  LAW  98-365— JULY  17,  1984 

98STAT.  451 

Public  I .aw  98-365 
98th  Congress 


An  Act 


To  establish  a system  to  promote  the  use  ofland  remote-sensing  satellite  data,  and  for 
other  purposes,  [citation  in  margin:  ‘‘July  17,  1984  (H.R.  5155).”] 

Be  it  enacted  by  the  Senate  and  House  of  Rejyresmtatwes  of  the  United  States  of  America  in  Congress 
assembled , That  this  Act  may  be  cited  as  the  “Land  Remote-Sensing  Commercialization  Act 
of  1984.”  [citation  in  margin:  “Land  Remote  Sensing  Commercialization  Act  of  1984. 
Communications  and  telecommunications.  15  USC  4201  note.”] 

TITLE  I — DECLARATION  OF  FINDINGS,  PURPOSES,  AND  POLICIES 

FINDINGS 

SEC.  101 . The  Congress  finds  and  declares  that — [citation  in  margin:  “Congress.  15  USC 
4201.”] 

(1)  the  continuous  civilian  collection  and  utilization  of  land  remote-sensing  data 
from  space  are  of  major  benefit  in  managing  the  Earth’s  natural  resources  and  in  plan- 
ning and  conducting  many  other  activities  of  economic  importance; 

(2)  the  Federal  Government’s  experimental  Landsat  system  has  established  the 
United  States  as  the  world  leader  in  land  remote-sensing  technology;  [marginal  note: 
“Landsat  system.”] 

(3)  the  national  interest  of  the  United  States  lies  in  maintaining  international  lead- 
ership in  civil  remote  sensing  and  in  broadly  promoting  the  beneficial  use  of  remote- 
sensing data; 

(4)  land  remote  sensing  by  the  Government  or  private  parties  of  the  United  States 
affects  international  commitments  and  policies  and  national  security  concerns  of  the 
United  States;  [marginal  note:  “Defense  and  national  security.”] 

(5)  the  broadest  and  most  beneficial  use  of  land  remote-sensing  data  will  result  from 
maintaining  a policy  of  nondiscriminatory  access  to  data; 

(6)  competitive,  market-driven  private  sector  involvement  in  land  remote  sensing  is 
in  the  national  interest  of  the  United  States; 

(7)  use  of  land  remote-sensing  data  has  been  inhibited  by  slow  market  development 
and  by  the  lac  k of  assurance  of  data  continuity; 

(8)  the  private  sector,  and  in  particular  the  “value-added”  industry,  is  best  suited  to 
develop  land  remote-sensing  data  markets; 

(9)  there  is  doubt  that  the  private  sector  alone  can  currently  develop  a total  land 
remote-sensing  system  because  of  the  high  risk  and  large  capital  expenditure  involved; 

(10)  cooperation  between  the  Federal  Government  and  private  industry  can  help 
assure  both  data  continuity  and  United  States  leadership; 

(11)  the  time  is  now  appropriate  to  initiate  such  cooperation  with  phased  transition 
to  a fully  commercial  system; 

(12)  such  cooperation  should  be  structured  to  involve  the  minimum  practicable 
amount  of  support  and  regulation  by  the  Federal  Government  and  the  maximum  practi- 
cable amount  of  competition  by  the  private  sec  tor  while  assuring  continuous  availability 
to  the  Federal  Government  of  land  remote-sensing  data; 
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(13)  certain  Government  oversight  must  be  maintained  to  assure  that  private  sector 
activities  are  in  the  national  interest  and  that  the  international  commitments  and  policies 
of  the  United  States  are  honored;  and 

(14)  there  is  no  compelling  reason  to  commercialize  meteorological  satellites  at  this 
time. 


PURPOSES 

SEG.  102.  The  purposes  of  this  Ad  are  to—  [citation  in  margin:  “15  USC  4202."] 

(1)  guide  the  Federal  Government  in  achieving  proper  involvement  of  the  private 
sector  by  providing  a framework  for  phased  commercialization  of  land  remote  sensing 
and  by  assuring  continuous  data  availability  to  the  Federal  Government; 

(2)  maintain  the  United  States  worldwide  leadership  in  civil  remote  sensing,  preserve 
its  national  security,  and  fulfill  its  international  obligations;  [marginal  note:  “Defense  and 
national  security."] 

(3)  minimize  the  duration  and  amount  of  further  Federal  investment  necessary  to 
assure  data  continuity  while  achieving  commercialization  of  civil  and  land  remote  sensing; 

(4)  provide  for  a comprehensive  civilian  program  of  research,  development,  and 
demonstration  to  enhance  both  the  United  States  capabilities  for  remote  sensing  from 
spate  and  the  application  and  utilization  of  such  capabilities;  and 

(5)  prohibit  commercialization  of  meteorological  satellites  at  this  time. 

POLICIES 

SEC.  103.  (a)  it  shall  be  the  policy  of  the  United  States  to  preserve  its  right  to  acquire  and 
disseminate  unenhanced  remote-sensing  data,  [citation  in  margin:  “15  USC  4203."] 

(b)  It  shall  be  the  policy  of  the  United  States  that  civilian  unenhanced  remote- 
sensing data  be  made  available  to  all  potential  users  on  a nondiscriminatory  basis  and  in 
a manner  consistent  with  applicable  antitrust  laws. 

(c)  It  shall  be  the  policy  of  the  United  States  both  to  commercialize  those  remote- 
sensing  space  systems  that  properly  lend  themselves  to  private  sector  operation  and  to 
avoid  competition  by  the  Government  with  such  commercial  operations,  while  continuing 
to  preserve  our  national  security,  to  honor  our  international  obligations,  and  to  retain  in 
the  Government  those  remote-sensing  functions  that  are  essentially  of  a public  service 
nature,  (marginal  note:  “Defense  and  national  security.”] 

DEFINITIONS 

SEC.  104.  For  purposes  of  this  Act:  [citation  in  margin:  “15  USC  4204.”] 

(1)  The  term  “Eandsat  system”  means  Landsats  1,  2,  3,  4,  and  5,  and  any  related 
ground  equipment,  systems,  and  facilities,  and  any  successor  civil  land  remote-sensing 
space  systems  operated  by  the  United  States  government  prior  to  the  commencement  of 
the  six-year  period  described  in  title  III. 

(2)  The  term  “Secretary”  means  the  Secretary  of  Commerce. 

(3)  (A)  The  term  “nondiscriminatory  basis”  means  without  preference  bias,  or  any 
other  special  arrangement  (except  on  the  basis  of  national  security  concerns  pursuant  to 
section  007)  regarding  delivery,  format,  financing,  or  technical  considerations  which 
would  favor  one  buyer  or  class  of  buyers  over  another. 

(B)  The  sale  of  data  is  made  on  a nondiscriminatory  basis  only  if  (i)  any  offer  to 
sell  or  deliver  data  is  published  in  advance  in  such  manner  as  will  ensure  that  the  offer  is 
equally  available  to  all  prospective  buyers;  (ii)  the  system  operator  has  not  established  or 
changed  any  price,  policy,  procedure,  or  other  term  or  condition  in  a manner  which  gives 
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one  buyer  or  class  of  buyer  de  facto  favored  access  to  data;  (iii)  the  system  operator  does 
not  make  unenhanced  data  available  to  any  purchaser  on  an  exclusive  basis;  and  (iv)  in  a 
case  where  a system  operator  offers  volume  discounts,  such  discounts  are  no  greater  than 
the  demonstrable  reductions  in  the  cost  of  volume  sales.  The  sale  of  data  on  a nondis- 
criminatory  basis  does  not  preclude  the  system  operator  from  offering  discounts  other 
than  volume  discounts  to  the  extent  that  such  discounts  are  consistent  with  the  provisions 
of  this  paragraph. 

(C)  The  sale  of  data  on  a nondiscriminatory  basis  does  not  require  (i)  that  a sys- 
tem operator  disclose  names  of  buyers  or  their  purchases;  (ii  ) that  a system  operator  main- 
tain all,  or  any  particular  subset  of,  data  in  a working  inventory;  or  (iii)  that  a system 
operator  expend  equal  effort  in  developing  all  segments  of  a market. 

(4)  The  term  “unenhanced  data”  means  unprocessed  or  minimally  processed  signals 
or  film  products  collected  from  civil  remote-sensing  space  systems.  Such  minimal  pro- 
cessing may  include  rectification  or  distortions,  registration  with  respect  to  features  of  the 
Earth,  and  calibration  of  spectral  response.  Such  minimal  processing  does  not  include 
conclusions,  manipulations,  or  calculations  derived  from  such  signals  or  film  products  or 
combination  of  the  signals  or  film  products  writh  other  data  or  information. 

(5)  The  term  “system  operator”  means  a contractor  under  title  II  or  title  III  or  a 
license  holder  under  title  IV. 

TITLE  II— OPERATION  AN1)  DATA  MARKETING  OF  IANDSAT  SYSTEM 

OPERATION 

SEC.  201.  (a)  The  Secretary  shall  be  responsible  for — [citation  in  margin:  “15  USC 
4211.”] 

(1)  the  Eandsat  system,  including  the  orbit,  operation,  and  disposition  of  Tandsat  sys- 
tem, including  the  orbit,  operation,  and  disposition  of  Eandsats  1,  2,  3,  4,  and  5;  and 

(2)  provision  of  data  to  foreign  ground  stations  under  the  terms  of  agreements 
between  the  United  States  Government  and  nations  that  operate  such  ground  stations 
which  are  in  force  on  the  date  of  commencement  of  the  contract  awarded  pursuant 
to  the  title. 

(b)  The  provisions  of  this  section  shall  not  affect  the  Secretary’s  authority  to  contract 
for  tht1  operation  or  part  or  all  of  the  Eandsat  system,  so  long  as  the  United  States 
Government  retains — 

( 1 ) ownership  of  such  system; 

(2)  ownership  of  the  unetihancecl  data;  and 

(3)  authority  to  make  decisions  concerning  operation  of  the  system. 

CONTRACT  FOR  MARKETING  OF  UNENHANCED  DATA 

SEC.  202.  (a)  In  accordance  with  the  requirements  of  this  title,  the  Secretary,  by  means  of 
a competitive  process  and  to  the  extent  provided  in  advance  by  appropriation  Acts,  shall 
contract  with  a United  States  private  sector  party  (as  defined  by  the  Secretary)  for  the  mar- 
keting of  unenhanced  data  collected  by  the  Eandsat  system.  Any  such  contract — | citation 
in  margin:  “15  USC'  4212.”] 

(1)  shall  provide  that  the  contractor  set  the  prices  of  unenhanced  data; 

(2)  may  provide  for  financial  arrangements  between  the  Secretary  and  the  contrac- 
tor including  fees  for  operating  the  system,  payments  by  the  contractor  as  an  initial 
fee  or  as  a percentage  of  sales  receipts,  or  other  such  considerations; 

(3)  shall  provide  that  the  contractor  will  offer  to  sell  and  deliver  uncnhanced  data  to 
all  potential  buyers  on  a nondiscriminatory  basis; 
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(4)  shall  provide  that  the  contractor  pav  to  the  United  States  (lovei ninent  the  full 
purchase  price  of  any  unenhanc cd  data  that  contractor  clot  Is  to  utilize  for  purposes 

other  than  sale;  . . 

(">)  stiall  be  entered  into  by  the  Secretary  only  if  the  Secretary  has  determined  that  such 
contrac  t is  likely  to  result  in  net  cost  savings  for  the  United  Stales  Government;  and 
(b)  may  be  rcawarded  competitively  after  the  practic  al  demise  of  the  space  segment 
of  the  Landsat  system,  as  determined  by  the  Sec  retary. 

(b)  Any  contrac  t authorized  by  subsection  (a)  may  specify  that  the  contrac  tor  use, 
and,  at  his  own  expense-,  maintain,  repair,  or  modify,  such  elements  of  the  Landsat  system 
as  the  contractor  finds  necessary  for  commercial  operations. 

(e ) Any  dec  ision  or  proposed  decision  by  the  Sec  retary  to  enter  into  any  such  con- 
tract stiall  be  transmitted  to  the  Committee  on  Commerce,  Science,  and  Iransportation 
of  the  Senate  and  the  Committee  on  Science  and  Technology-  of  the  House  of 
Representatives  for  their  review.  No  suc  h decision  or  proposed  derision  shall  he  imple- 
mented unless  (A)  a period  of  thirty  calendar  days  has  passed  alter  the  rec  eipt  by  each 
suc  h committee  of  suc  h transmittal,  or  (B)  each  such  committee  before  the  expiration  of 
stu  b period  lias  agreed  to  transmit  and  has  transmitted  to  the  Secretary  written  notice  to 
die  ef  fec  t that  such  committee  has  no  objec  tion  to  the  dec  ision  or  proposed  dec  ision.  As 
part  of  the  transmittal,  the  Se  c retary  shall  include  information  on  the  terms  of  the  con- 
tract described  in  subsection  (a),  [marginal  note:  “Congress.”] 

(<1)  l„  de  fining  “United  Stated  private  sector  party”  for  purposes  of  this  Ac  t,  the 
Secretary  may  take-  into  account  the  citizenship  of  key  personnel,  loc  ation  of  assets,  for- 
eign ownership,  control,  influence,  and  other  suc  h factor. 

CONDI  TIONS  OK  COMPETITION  FOR  CONTRACT 

SEC  203  (a)  Hie  Secretary  shall,  as  part  of  the  advertisement  for  the  competition  for  the 
contract  authorized  by  sec  tion  20*2,  identify  and  publish  die-  international  obligations, 
national  security  concerns  (with  appropriate  protection  of  sensitive  information,  domes- 
tic legal  considerations,  and  any  oilier  standards  or  conditions  whic  h a private  contractor 
shall  be  required  to  meet),  [citation  in  margin:  “15  USC  4213.”] 

(b)  In  selec  ting  a contractor  under  this  title,  the  Secretary  shall  consider— 

( 1 ) ability  to  market  aggressively  unenhanced  data; 

(2)  the  best  ove  rall  financ  ial  return  to  the  Government,  including  the  potential  cost 
savings  to  the  Government  that  are  likely  to  result  from  the  contract: 

(3)  ability  to  meet  the  obligations,  concerns,  considerations,  standards,  and  condi- 
tions identified  under  subsection  (a); 

(4)  technical  competence,  including  the  ability  to  assure  continuous  and  timely  deliv- 
ery of  data  from  (he  l-andsat  system;  . 

(5)  ability  to  effect  a smooth  transition  with  the  contractor  selec  ted  under  title  111;  and 
(ft)  such  other  factors  as  the  Secretary  deems  appropriate  and  relevant. 

(c ) If  , as  a result  of  the  competitive  process  required  by  section  202(a),  the  Secretary 
receives  no  proposal  which  is  acceptable  under  the  provisions  of  this  title,  the  Secretary 
shall  so  ccrtilv  and  fully  report  such  finding  to  the  Congress.  As  soon  as  practicable  but 
not  later  than  thirty  days  after  so  certifying  and  reporting,  the  Secretary  shall  reopen  the 
competitive  process.  The  period  for  the  subsequent  competitive  process  shall  not  exceed 
one-  hundred  and  twenty  (lavs.  If,  after  such  subsequent  competitive  proc  ess,  the  Secretary 
receives  no  proposal  which  is  acceptable  under  the  provisions  of  this  title  the  Secretary 
shall  so  c ertifv  and  fully  report  suc  h finding  to  the  Congress.  In  the  event  that  no  ac  c ept- 
able proposal  is  received,  the  Secretary  shall  continue  to  market  data  horn  the  Landsat 
system,  (marginal  note:  “Report.”] 
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(d)  A contract  awarded  under  section  202  may,  in  the  discretion  of  the  Secretary,  be 
combined  with  the  contract  required  by  title  III,  pursuant  to  section  304(h). 

SALK  OF  DATA 

SKC.  204.  (a)  Alter  the  date  of  the  commencement  of  the  contract  described  in  section 
202(a),  the  contractor  shall  be  entitled  to  revenues  from  sales  of  copies  of  data  from  the 
Landsat  system,  subject  to  the  conditions  specified  in  sections  601  and  602.  [citation  in 
margin;  15  USC  4214.”] 

(b)  contractor  may  continue  to  market  data  previously  generated  by  the*  Landsat 
system  aftei  the  demise  ol  the  space  segment  of  the  system. 

FOREIGN  GROUND  STATIONS 

SKL.  20o.  (a)  I he  contract  under  this  title  shall  provide  that  Contractor  shall  act  as  the 
agent  of  the  Secretary  by  continuing  to  supply  unenhanced  data  to  foreign  ground  sta- 
tions for  the  life,  and  according  to  the  terms  of  those  agreements  between  the  United 
States  Government  and  such  foreign  ground  stations  that  are  in  force  on  the  date  of  the 
commencement  of  the  contract,  [citation  in  margin:  “15  USC  4215.”] 

(b)  Upon  the  expiration  of  such  agreements,  or  in  the  case  of  foreign  ground  stations 
that  have  no  agreement  with  the  United  Stales  on  the  date  of  commencement  of  the  con- 
tract, the  contract  shall  provide — 

(1)  that  unenhanced  data  from  the  Landsat  system  shall  be  made  available  to  foreign 
ground  stations  only  by  the  contractor;  and 

(2)  that  such  data  shall  he  made  available  on  a nondiscriminatory  basis. 

TITLE  HI — PROVISION  OF  DATA  CONTINUITY  AFTER  THE  I AND  SAT  SYSTEM 
PURPOSES  AND  DEFINITION 

SEC.  301  (a)  It  is  the  purpose  of  this  title — [citation  in  margin:  “15  USC  4221.”] 

(1)  to  provide,  in  an  orderly  manner  and  with  minimal  risk,  for  a transition  from 

Government  operation  to  private,  commercial  operation  of  civil  land  remote-sensing 
systems;  and  h 

(2)  to  provide  data  continuity  for  six  years  after  the  practical  demise  of  the  space  see- 
ment  of  the  Landsat  system. 

(b)  For  purposes  of  this  title,  the  term  “data  continuity”  means  the  continued  avail- 
ability of  unenhanced  data — 

(1)  including  data  which  are  from  the  point  of  view  of  a data  user 

(A)  functionally  equivalent  to  the  muitispectra!  data  generated  bv  the 
Landsat  1 and  2 satellites;  and 

(B)  compatible  with  such  data  and  with  equipment  used  to  receive  and 
process  such  data;  and 

(2)  at  an  annual  volume  at  least  equal  to  the  Federal  usage  during  fiscal  year  1983. 

(c)  Data  continuity  may  be  provided  using  whatever  technologies  are  available. 

DATA  CONTINUITY  AND  AVAILABILITY 

SEC.  302.  Hie  Secretary  shall  solicit  proposals  f rom  Unites  States  private  sector  parties  (as 
defined  by  the  Secretary  pursuant  to  section  202)  for  a contract  for  the  development  and 
operation  of  a remote-sensing  space  system  capable  of  providing  data  continuity  for  a peri- 
od of  six  years  and  for  marketing  unenhanced  data  in  accordance  with  the  provisions  of 
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sections  601  and  602.  Such  proposals,  at  a minimum,  shall  specify- — [citation  in  markin' 
“Contracts  with  U.S.  15  l)SC  4222.' ”| 

(1)  the  quantities  and  c]ualities  of  unenhanced  data  expected  from  the  system; 

(2)  the  projected  date  upon  which  operations  could  begin; 

(3)  the  number  of  satellites  to  be  constructed  and  their  expected  lifetimes; 

(4)  any  need  for  Federal  funding  to  develop  the  system; 

(5)  any  percentage  of  sales  receipts  or  other  returns  offered  to  the  Federal 
Oovernment; 

(6)  plans  fot  expanding  the  market  for  land  remote-sensing  data;  and 

(/)  tilt  pi o posed  procedures  for  meeting  the  national  security  concerns  and  inter- 
national obligations  of  the  United  States  in  accordance  with  sec  tion  f>07. 

AWARDING  OF  THE  CONTRACT 

ShC.  303.  (a)  ( 1 ) In  accordance  with  the  requirements  of  this  title,  the  Secretary  shall  eval- 
uate tlu*  proposals  described  in  section  302  and,  by  means  of  a competitive  process  and  to 
the-  extent  provided  in  advance  by  appropriation  Acts,  shall  contract  with  the  United 
States  piivate  sec  tor  party  for  the  capability  of  providing  data  continuity  for  a period  of  six 
years  and  for  marketing  unenhanced  data,  [citation  in  margin:  “15  USC  4223.”) 

(2)  before  commencing  spac  e operations  the  contractor  shall  obtain  a license  under 
title  IV. 

(h)  As  patt  of  the  evaluation  described  in  subsection  (a),  the  Secretary  shall  analyze 
the-  expected  outcome*  of  each  proposal  in  terms  of- — 

(1)  the-  net  cost  to  the*  federal  Government,  of  developing  the*  recommended  system; 

(2)  the*  technical  competence  and  financial  condition  of  the  contractor; 

(3)  the*  availability  of  such  data  after  the  expected  termination  of  the  Landsat  system; 

(4)  the*  quantities  and  qualities  of  data  to  be  generated  by  the*  recommended  system; 

(5)  the*  contractor  s ability  to  supplement  the  requirement  for  data  continuity  by 
adding,  at  the  contractors  expense,  remote-sensing  capabilities  which  maintain 
United  States  leadership  in  remote  sensing; 

(6)  the  potential  to  expand  the  market  for  data; 

(7)  expected  returns  to  the  Federal  Government  based  on  any  percentage  of  data 
sales  or  other  such  financ  ial  consideration  offered  to  the  Federal  Government  in 
accordance  with  section  305; 

(8)  the  commercial  viability  of  the  proposal; 

(9)  the  pioposed  procedures  for  satisfying  the  national  security  concerns  and  inter- 
national obligations  of  the  United  States; 

f 10)  the  conti actor  s ability  to  effect  a smooth  transition  with  any  contrac  tor  selected 
under  title  II;  and 

(11)  suc  h other  fac  tors  as  the  Secretary  deems  appropriate  and  relevant. 

(c)  Any  decision  or  proposed  decision  by  the  Secretary  to  enter  into  any  such  con- 
tract shall  be  transmitted  to  the  Committee  on  Commerce,  Science,  and  Transportation 
of  the  Senate  and  the  Committee  on  Science  and  Technology  of  the  House  of 
Representatives  for  their  review.  No  such  decision  or  proposed  decision  shall  be  imple- 
mented unless  (I  ) a period  of  thirty  calendar  days  has  passed  after  the  receipt  by  each 
suc  h committee  of  suc  h transmittal,  or  (2)  each  such  committee  before  the  expiration  of 
sue  h period  has  agreed  to  transmit  and  has  transmitted  to  the  Secretary  written  notice  to 
the*  effect  that  such  committee  has  no  objection  to  the  decision  or  proposed  decision.  As 
part  of  the*  transmittal,  the  Secretary  shall  include  the  information  specified  in  subsec  tion 
(a),  [marginal  note:  “Congress.”] 

(d)  If,  as  a result  of  the  competitive  process  required  by  this  sec  tion,  the  Secretary 
receives  no  proposal  whic  h is  acceptable  under  the  provisions  of  this  title,  the*  Secretary 
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shall  so  certify  and  fully  report  such  finding  to  the  Congress.  As  soon  as  practicable  but 
not  later  than  thirty  days  after  so  certifying  and  reporting,  the  Secretary  shall  reopen  the 
competitive  process.  The  period  for  the  subsequent  competitive  process  shall  not  exceed 
one  hundred  and  eighty  davs.  If.  after  such  subsequent  competitive  process,  the  Secretary 
receives  no  proposal  which  is  acceptable  under  the  provisions  of  this  title,  the  Secretary 
shall  so  certify  and  fully  report  such  finding  to  the  Congress.  Not  earlier  than  ninety  days 
after  such  certification  and  report,  the  Secretary  may  assure  data  continuity  by  procure- 
ment and  operation  by  the  Federal  Government  of  the  necessary  systems,  to  the  extent 
provided  in  advance  by  appropriation  Acts,  [marginal  note:  “Report.") 

TERMS  OF  CONTRACT 

SFC.  304.  (a)  Any  contract  entered  into  pursuant  to  this  title — [citation  in  margin: 
“15  USC  4224. "| 

(1)  shall  be  entered  into  as  soon  as  practicable,  allowing  for  the  competitive  pro- 
curement process  required  by  this  title; 

(2)  shall,  in  accordance  with  criteria  determined  and  published  by  the  Secretary,  rea- 
sonably assure  data  continuity  for  a period  of  six  years,  beginning  as  soon  as  practica- 
ble in  order  to  minimize  any  interruption  of  data  availability; 

(3)  shall  provide  that  the  contractor  will  offer  to  sell  and  deliver  unenhanced  data  to 
all  potential  buyers  on  a nondiscriminatory  basis; 

(4)  shall  not  provide  a guarantee  of  data  purchases  from  the  contractor  by  the 

Federal  Government;  . 

(5)  may  provide  that  the  contractor  utilize,  on  a space-available  basis,  a civilian 
United  Slates  Government  satellite  or  vehicle  as  a platform  for  a civil  land  remote- 
sensing  space  system,  if — 

(A)  the  contractor  agrees  to  reimburse  the  Government  immediately  lor  all 
related  costs  incurred  with  respect  to  such  utilization,  including  a reasonable 
and  proportionate  share  of  fixed,  platform,  data  transmission,  and  launch 
costs;  and 

(B)  such  utilization  would  not  interfere  with  or  otherwise  compiomise 
intended  civilian  Government  missions,  as  determined  by  the  agency  respon- 
sible for  the  civilian  platform;  and 

(f>)  may  provide  financial  support  by  the  United  States  Government,  for  a portion  of 
the  capital  costs  required  to  provide  data  continuity  for  a period  of  six  years,  in  the 
form  of  loans,  loan  guarantees,  or  payments  pursuant  to  section  305  of  the  Fedeial 
Property  and  Administrative  Services  Act  of  1949  (41  U.S.C.  2o5). 

(b)  ( 1 ) Without  regard  to  whether  any  contract  entered  into  under  this  title  is  com- 
bined with  a contract  under  title  II,  the  Secretary  shall  promptly  determine  whether  the 
contract  entered  into  under  this  title  reasonably  effectuates  the  purposes  and  policies  of 
title  II.  Such  determination  shall  be  submitted  to  the  President  and  the  Gongiess,  tog*  th- 
er  with  a full  statement  of  the  basis  for  such  determination. 

(2)  II  the  Secretary  determines  that  such  contract  does  not  reasonably  effe<  tuate  the 
requirements  of  title  II,  the  Secretary  shall  promptly  carry  out  tin-  provisions  of  such  title 
lo  the  extent  provided  in  advance  in  appropriation  Acts. 

MARKETING 

SEG.  305.  (a)  In  order  to  promote  aggressive  marketing  of  land  remote-sensing  data,  any 
contract  entered  into  pursuant  to  this  title  may  provide  that  the  percentage  of  sales  paid 
by  the  contractor  to  the  Federal  Government  shall  decrease  according  to  stipulated 
increase  in  sales  levels.  | citation  in  margin:  "15  USC  4225.”| 
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(1))  After  the  six-year  period  described  in  section  304(a)(2),  the  contractor  may  con- 
tinue to  sell  data.  If  licensed  under  title  IV,  the  contractor  may  continue  to  operate  a civil 
remote-sensing  space  system. 


REPORT 

SEC.  30b.  Two  years  after  the  date  of  the  commencement  of  the  six-year  period  described 
in  section  304(a)(2),  the  Secretary  shall  report  to  the  President  and  to  the  Congress  on 
tlit*  progress  of  the  transition  to  fully  private  financing,  ownership,  and  operation  of 
remote-sensing  spate  systems,  together  with  any  recommendations  for  actions,  including 
actions  necessary  to  ensure  United  States  leadership  in  civilian  land  remote  sensing  from 
spate,  (citation  in  margin:  “15  USC  4226.”) 

TERMINATION  OF  AUTHORITY 

SEC.  307.  'Hie  authority  granted  to  the  Secretary  by  this  title  shall  terminate  ten  years 
after  the  date  of  enactment  of  this  Act.  [citation  in  margin:  *15  USC  4227.”] 

TITLE  IV — LICENSING  OF  PRIVATE  REMO  I E-SENSINO  SPACE  SYSTEMS 
GENERAL  AUTHORITY 


SEC.  401.  (a)(1)  In  consultation  with  other  appropriate  Federal  agencies,  the  Secretary  is 
authorized  to  license  private  sector  parties  to  operate  private  remote-sensing  space  sys- 
tems for  such  period  as  the  Secretary  may  specify  and  in  accordance  with  the  provisions 
of  this  title,  [citation  in  margin:  “15  USC  4241.”] 

(2)  In  the  case  of  a private*  space  system  that  is  used  for  remote  sensing  and  other  pur- 
poses, the  authority  of  the  Secretary  under  this  title  shall  he*  limited  only  to  the  remote- 
sensing  operations  of  such  space  system. 

(b)  No  license  shall  be  granted  by  the  Secretary  unless  the  Secretary  determines  in 
writing  that  the  applicant  will  comply  with  the  requirements  of  this  Ad,  any  regulations 
issued  pursuant  to  this  Act,  and  any  applicable  international  obligations  and  national 
security  concerns  of  the  United  States. 

(c)  The  Secretary  shall  review  any  application  and  make  a determination  thereon 
within  one  hundred  and  twenty  days  of  the  receipt  of  such  application.  If  final  action  has 
not  occurred  within  such  time,  the  Secretary  shall  inform  the  applicant  of  any  pending 
issues  and  of  actions  required  to  resolve  them,  [marginal  note:  “Review  date.”] 

(d)  fhe  Secretary  shall  not  deny  such  license  in  order  to  protect  any  existing  licens- 
es from  competition. 


CONDITIONS  FOR  OPERATION 

SEE.  402.  (a)  No  person  who  is  subject  to  the  jurisdiction  or  control  of  the  United  Stales 
may,  directly  or  through  any  subsidiary  or  affiliate,  operate  any  private  remote-sensing 
space  system  without  a license  pursuant  to  section  401. 

(b)  Any  license  issued  pursuant  to  this  title  shall  specify,  at  a minimum,  that  the 
lic  ense  shall  comply  with  all  of  the  requirements  of  this  Act  and  shall — 

( 1 ) operate  the  system  in  such  manner  as  to  preserve  and  promote  the  national  secu- 
rity of  the  United  States  and  to  observe  and  implement  the  international  obligations 
of  the  United  States  in  aerordanee  writh  section  007; 

(2)  make  imenhanced  data  available  to  all  potential  users  on  a nondiscriminatory 
basis; 
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(3)  upon  termination  of  operations  under  the  license,  make  disposition  of  any  satel- 
lites in  space  in  a manner  satisfactory  to  the  President; 

(4)  promptly  make  available  all  unenhanced  data  which  the  Secretary  may  request 
pursuant  to  section  602; 

(5)  furnish  the  Secretary  with  complete  orbit  and  data  collection  characteristics  of 
the  system,  obtain  advance  approval  of  any  intended  deviation  from  such  characteris- 
tics, and  inform  the  Secretary  of  any  unintended  deviation; 

(6)  notify  the  Secretary  of  any  agreement  the  licensee  intends  to  enter  with  a foreign 
nation,  entity,  or  consortium  involving  foreign  nations  or  entities; 

(7)  permit  the  inspection  by  the  Secretary  of  the  licensee's  equipment,  facilities,  and 
financial  records; 

(8)  surrender  the  license  and  terminate  operations  upon  notification  by  the 
Secretary  pursuant  o the  section  403(a)(1);  and 

(9)  (A)  notify  the  Secretary  of  any  “value  added”  activities  (as  defined  by  the 
Secretary  by  regulation)  that  will  be  conducted  by  the  licensee  or  by  a subsidiary 
or  affiliate;  and 

(B)  if  such  activities  are  to  be  conducted,  provide  the  Secretary  with  a plan  for 
compliance  with  the  provisions  of  this  Act  concerning  nondiscriminator y access. 

ADMINISTRATIVE  AUTHORITY  OF  THE  SECRETARY 

SEC'.  403.  (a)  In  order  to  carry  out  the  responsibilities  specified  in  this  title,  the  Secretary 
may — [citation  in  margin:  “15  USC  4243.”] 

(1)  grant,  terminate,  modify,  condition,  transfer,  or  suspend  licenses  under  this  title, 
and  upon  notification  of  the  licensee  may  terminate  licensed  operations  on  an  imme- 
diate basis,  if  the  Secretary  determines  that  the  licensee  has  substantially  failed  to 
comply  with  any  provision  of  this  Act,  with  any  regulation  issued  under  this  Act,  with 
any  terms,  conditions,  or  restrictions  of  such  license,  or  with  any  international  oblig- 
ations or  national  security  concerns  of  the  United  Suites; 

(2)  inspect  the  equipment,  facilities,  or  financial  records  of  any  licensee  under  this 
title; 

(3)  provide  penalties  for  noncompliance  with  the  requirements  for  licenses  or  regula- 
tions issued  under  this  title,  including  civil  penalties  not  to  exceed  $10,000  (each  day  of 
operation  in  violation  of  such  licenses  or  regulations  constituting  a separate  violation); 

(4)  compromise,  modify,  or  remit  any  such  civil  penalty; 

(5)  issue  subpenas  [sic]  for  any  materials,  documents,  or  records,  or  for  the  atten- 
dance and  testimony  of  witnesses  for  the  purpose  of  conducting  a hearing  under  this 
section; 

(6)  seize  any  object,  record,  or  report  where  there  is  probable  cause  to  believe  that 
such  object,  record,  or  report  wras  used,  is  being  used,  or  is  likely  to  be  used  in  viola- 
tion of  this  Act,  or  the  requirements  of  a license  or  regulation  issued  thereunder;  and 

(7)  make  investigations  and  inquiries  and  administer  to  or  take  from  any  person  an 
oath,  affirmation,  or  affidavit  concerning  any  matter  relating  to  the  enforcement  of 
this  Act. 

(b)  Any  applicant  or  licensee  who  makes  a timely  request  for  review  of  an  adverse 
action  pursuant  to  subsection  (a)(1),  (a)(3),  or  (a)(6)  shall  be  entitled  to  adjudication  by 
the  Secretary  on  the  record  after  an  opportunity  for  an  agency  hearing  with  respect  to 
such  adverse  action.  Any  final  action  by  the  Secretary  under  this  subsection  shall  be  sul>- 
ject  to  judicial  review  under  chapter  7 of  title  5,  United  States  (aide,  [c  itation  in  margin: 
T>  USC  701  ei  seq. " | 
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REGUIATORY  AUTHORITY  OF  THE  SECRETARY 

SEC.  404.  The  Secretary  may  issue  regulations  to  carry  out  the  provisions  of  this  title.  Such 
regulations  shall  be  promulgated  only  after  public  notice  and  comment  in  accordance 
with  the  provisions  of  section  553  of  title  5,  United  States  Code,  [citation  in  margin:  “15 
USC  4244.”] 


AGENCY  ACTIVITIES 

SEC.  405.  (a)  A private  sector  party  may  apply  for  a license  to  operate  a private  remote- 
sensing space  system  which  utilizes,  on  a space-available  basis,  a civilian  United  States 
Government  satellite  or  vehicle  as  a platform  for  such  system.  The  Secretary,  pursuant  to 
the  authorities  of  this  title,  may  license  such  system  if  it  meets  all  the  conditions  of  this  title 
and — [citation  in  margin:  “15  USC  4245.”] 

(1)  the  system  operator  agrees  to  reimburse  the  Government  immediately  for  all 
related  costs  incurred  with  respect  to  such  utilization,  including  a reasonable  and  pro- 
portionate* share  of  fixed,  platform,  data  transmission,  and  launch  costs;  and 

(2)  such  utilization  would  not  interfere  with  or  otherwise  compromise  intended  civil- 
ian Government  missions,  as  determined  by  the  agency  responsible  for  such  civilian 
platform. 

(b)  The  Secretary  may  offer  assistance  to  private  sector  parties  in  finding  appropriate 
opportunities  for  such  utilization. 

(c)  To  the  extent  provided  in  advance  by  appropriation  Acts,  any  Federal  agency  may 
enter  into  agreements  for  such  utilization  if  such  agreements  are  consistent  with  such 
agency  s mission  and  statutory  authority,  and  if  such  remote-sensing  space  system  is 
licensed  by  the  Secretary  before  commencing  operation. 

(d)  The  provisions  of  this  section  do  not  apply  to  activities  carried  out  under  title  V. 

(e)  Nothing  in  this  title  shall  affect  the  authority  of  the  Federal  Communications 
Commission  pursuant  to  the  Communications  Act  of  1934,  as  amended  (47  U.S.C.  151  et 
setf. ) . | citation  in  margin:  “47  USC  (»09.”| 

TERMINATION 

SEC.  406.  If,  five  years  after  the  expiration  of  the  six-year  period  described  in  section 
304(a)(2),  no  private  sector  party  has  been  licensed  and  continued  in  operation  under 
the  provisions  of  this  title,  the  authority  of  this  title  shall  terminate,  [citation  in  margin: 
“15  USC  4246.”] 


TITLE  V — RESEARCH  AND  DEVELOPMENT 

CONTINUED  FEDERAL  RESEARCH  AND  DEVELOPMENT 

SIX 50 1 (a)  ( 1 ) Lhe  Administrator  of  the  National  Aeronautics  and  Space  Administration 
is  directed  to  continue  and  to  enhance  such  Administration’s  programs  of  remote-sensing 
research  and  development,  [citation  in  margin:  “15  USC  4261.”] 

(2)  I he  Administrator  is  authorized  and  encouraged  to — 

(A)  conduct  experimental  space  remote-sensing  programs  (including  appli- 
cations demonstration  programs  and  basis  research  at  universities); 

(B)  develop  remote-sensing  technologies  and  techniques,  including  those 
needed  for  monitoring  the  Earth  and  its  environment;  and 

(C)  conduct  such  research  and  development  in  cooperation  with  other 
Federal  agencies  and  with  public  and  private  research  entities  (including 
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private  industry;  universities,  Stale  and  local  governments,  foreign  govern- 
ments, and  international  organizations)  and  to  enter  into  arrangements 
(including  joint  ventures)  which  will  foster  such  cooperation. 

(b)  (1)  The  Secretary  is  directed  to  conduct  a continuing  program  of— 

(A)  research  in  applications  of  remote-sensing; 

(B)  monitoring  of  the  Earth  and  its  environment;  and 

(C)  development  of  technology  for  such  monitoring. 

(2)  Such  program  may  include  support  of  basic  research  at  universities  and  demon- 
strations of  applications. 

(3)  The  Secretary  is  authorized  and  encouraged  to  conduct  such  research,  monitor- 
ing, and  development  in  cooperation  with  other  Federal  agencies  and  with  public  and  pri- 
vate research  entities  (including  private  industry,  universities,  State  and  local 
governments,  foreign  governments,  and  international  organizations)  and  to  enter  into 
arrangements  (including  joint  ventures)  which  will  foster  such  cooperation. 

(c)  ( 1 ) In  order  to  enhance  the  United  States  ability  to  manage  and  utilize  its  renew- 
able and  noiuenewable  resources,  the  Sec  retary  of  Agriculture  and  the  Secretary 
of  the  Interior  are  authorized  and  encouraged  to  conduct  programs  of  research 
and  development  in  the  applications  of  remote  sensing  using  funds  appropriated 
for  such  purposes. 

(2)  Such  programs  may  include  basic  research  at  universities,  demonstrations  of 
applications,  and  cooperative  activities  involving  other  Government  agencies,  pri- 
vate sector  parties,  and  foreign  and  international  organizations. 

(d)  Other  Federal  agencies  are  authorized  and  encouraged  to  conduct  research  and 
development  on  the  use  of  remote  sensing  in  fulfillment  of  their  authorized  missions, 
using  funds  appropriated  for  such  purposes. 

(e)  The  Secretary  and  the  Administrator  of  the  National  Aeronautics  and  Space 
Administration  shall,  within  one  year  after  the  date  of  enactment  of  this  Act  and  bienni- 
ally thereafter,  jointly  develop  and  transmit  to  the  Congress  a report  which  includes  (1)  a 
unified  national  plan  for  remote-sensing  research  and  development  applied  to  the  Earth 
and  its  atmosphere;  (2)  a compilation  of  progress  in  the  relevant  ongoing  research  and 
development  activities  of  the  Federal  agencies;  and  (3)  an  assessment  of  the  state  of  our 
knowledge  of  the  Earth  and  its  atmosphere,  the  needs  for  additional  researc  h (including 
research  related  to  operational  Federal  remote-sensing  space  programs),  and  opportuni- 
ties available  for  further  progress,  [marginal  note:  “Report.”! 

USE  OF  EXPERIMENTAL  DATA 

SEC.  502.  Data  gathered  in  Federal  experimental  remole-sensing  space  programs  maybe 
used  in  related  research  and  development  programs  funded  by  the  Federal  Government 
(including  applications  programs)  and  cooperative  research  programs,  but  not  for  com- 
mercial uses  or  in  competition  with  private  sector  activities,  except  pursuant  to  section 
503.  [citation  in  margin:  “15  USC  4262.” ] 

SALE  OF  EXPERIMENTAL  DATA 

SEC.  503.  Data  gathered  in  Federal  experimental  remole-sensing  space  programs  may  be 
sold  en  bloc  through  a competitive  process  (consistent  with  national  security  interests  and 
international  obligations  of  the  United  States  and  in  accordance  with  section  607)  to  any 
United  States  entity  which  will  market  the  data  on  a nondiscriminatorv  basis.  | citation  in 
margin:  “15  l SC  4263.” | 
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TITLK  VI— GKNKRAL  PROVISIONS 

NONDISCRIMINATORY  DATA  AVAII  ABILITY 

SKC.  60  1 . (a)  Any  unenhanced  data  generated  by  any  system  operator  under  the  provi- 
sions of  this  Art  shall  be  made  available  to  all  users  on  a nondisc  riminatory  basis  in  accor- 
dance with  the  requirements  of  this  Act.  [citation  in  margin:  “Public  availability.  15  USC 
42b3.”  | 

(b)  Any  system  operator  shall  make  publicly  available*  the  prices,  policies,  procedures, 
and  other  terms  and  conditions  (but,  in  accordance  with  section  104(3)  (C),  not  neces- 
sarily the  names  ol  buyers  or  their  purchases)  upon  which  the  operator  will  sell  such  data. 

ARCHIVING  OF  DAI  A 

SKC.  002.  (a)  It  is  in  the  public  interest  for  the*  United  States  Government — [citation  in 
margin:  “15  USC  4272.”] 

(1)  to  maintain  an  arc  hive  of  land  remote-sensing  data  lor  historical,  scientific,  and 
technical  purposes,  inc  luding  long-term  global  environmental  monitoring; 

(2)  to  control  the  content  and  scope  of  the  archive;  and 

(3)  to  assure  the*  quality,  integrity,  and  continuity  of  the  archive. 

(b)  \ he  Secretary  shall  provide*  for  long-term  storage,  maintenance  and  upgrading  of 
basic , global,  land  remote-sensing  data  set  (hereinafter  referred  to  as  the*  “basic  data  set”) 
and  shall  follow  reasonable  archival  practices  to  assure  propcT  storage  and  preservation  of 
the*  basic  data  set  and  timely  access  for  parties  requesting  data.  The*  basic  data  set  which 
the  Secretary  assembles  in  the*  Government  archive  shall  remain  distinct  from  any  inven- 
tory of  data  which  a system  operator  may  maintain  for  sales  and  for  other  purposes. 

(c)  In  determining  the  initial  content  of,  or  in  upgrading,  the*  basic  data  set,  the 
Sec  retary  shall— 

( 1 ) use  as  a baseline  the  data  archived  on  the  date  of  enactment  of  this  Act; 

(2)  take*  into  account  future*  technical  and  scientific  developments  and  needs; 

(3)  consult  with  and  seek  the*  advice  of  users  and  products; 

(4)  consider  the  need  for  data  which  may  be  duplicative  in  terms  of  geographical  cover- 
age* but  which  differ  in  terms  of  season,  spectral  bands,  resolution,  or  other  relevant  fac- 
tors; 

(5)  include,  as  the  Secretary  considers  appropriate,  unenhanced  data  generated 
either  by  the  Landsai  system,  pursuant  to  title  III,  or  by  licensees  under  title  IV; 

(b)  include,  as  the  Secretary  considers  appropriate,  data  collected  by  foreign  ground 
stations  or  by  foreign  remote-sensing  space  systems;  and 

(7)  ensure  that  the  content  of  the  archive  is  developed  in  accordance  with  section  607. 

(d)  Subject  to  the  availability  of  appropriations,  the  Secretary  shall  request  data  need- 
ed for  the  basic  data  set  and  pay  to  the  providing  system  operator  reasonable  costs  for 
reproduction  and  transmission.  A system  operator  shall  promptly  make  requested  data 
available  in  a form  suitable  for  processing  for  archiving. 

(e)  Any  system  operator  shall  have  the  exclusive  right  to  sell  all  data  that  the  opera- 
tor provides  to  the  United  States  remote-sensing  data  archive  for  a period  to  be  deter- 
mined by  the  Secretary  but  not  to  exceed  ten  years  from  the  date  the  data  are  sensed.  In 
the  c ase  of  data  generated  from  the  Landsat  system  prior  to  the  implementation  of  the 
con  I racl  described  in  section  202(a),  any  contractor  selected  pursuant  to  section  202  shall 
have  the  exclusive  right  to  marked  such  data  on  behalf  of  the  United  States  Government 
for  the  duration  of  such  contrac  t.  A system  operator  may  relinquish  the*  exclusive  right 
and  consent  to  distribution  from  the  archive  before  llu*  period  of  exclusive  right  has 
expired  by  terminating  the  offer  to  sell  particular  data,  [marginal  note;  “Marketing.”] 
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(0  after  the  expiration  of  such  exclusive  right  to  sell,  or  after  relinquishment  of  such 
right,  the  data  provided  to  the  United  Stales  remote-sensing  data  archive  shall  he  in  the1  pulv 
lie  domain  and  shall  l>e  made  available  to  requesting  parties  by  the  Secretary  of  prices  reflect- 
ing reasonable  costs  of  reproduction  and  transmittal,  [marginal  note:  “Public  availability/’] 
(g)  In  carrying  out  the  functions  of  this  section,  the  Secretary  shall,  to  the  extent 
practicable  and  as  provided  in  advance  by  appropriations  Act,  use  existing  Government 
facilities. 


NONREPRODUCTION 

SEC.  60S.  Unenhanced  data  distributed  by  any  system  operator  under  the  provisions  of 
this  Act  may  be  sold  on  the  condition  that  such  data  will  not  be  reproduced  or  dissemi- 
nated by  the  purchaser,  [citation  in  margin:  “15  USC  4273/’] 

REIMBURSEMENT  FOR  ASSISTANCE 

SEC/  604.  The  Administrator  of  the  National  Aeronautics  and  Space  Administration,  the 
Secretary  of  Def  ense  and  the  heads  of  other  Federal  agencies  may  provide  assistance  to  sys- 
tem operators  under  the  provisions  of  this  Act.  Substantial  assistance  shall  be  reimbursed  by 
the  operator,  except  as  otherwise  provided  by  law.  [citation  in  margin:  “15  USC  4274.”] 

ACQUISITION  OF  EQUIPMENT 

SEC.  605.  The  Secretary  may,  by  means  of  a competitive  process,  allow  a licensee  under 
title  IV  or  any  other  private  party  to  buy,  lease,  or  otherwise  acquire  the  use  or  equipment 
from  the  Landsat  system,  when  such  equipment  is  no  longer  needed  for  the  operation  of 
such  system  or  for  the  sale  of  data  from  such  system.  Officials  of  other  Federal  civilian 
agencies  are  authorized  and  encouraged  to  cooperative  with  the  Secretary  in  carrying  out 
the  provisions  of  this  section,  [citation  in  margin:  “15  USC  4275/  ] 

RADIO  FREQUENCY  ALLOCATION 

SEC.  606.  (a)  Within  thirty  days  after  the  date  of  enactment  of  this  Act,  the  President  (or 
the  President's  delegee  [sic],  if  any,  with  authority  over  the  assignment  of  frequencies  of 
radio  stations  of  classes  of  radio  stations  operated  by  the  United  States)  shall  make  avail- 
able for  nongovernmental  use  spectrum  presently  allocated  to  Government  use,  for  use 
by  United  States  Land  sat  and  commercial  remote-sensing  space  systems.  The  spectrum  to 
be  so  made  available  shall  conform  to  any  applicable  international  radio  or  wire  treaty  or 
convention,  or  regulations  annexed  thereto.  Within  ninety  days  thereafter,  the  Federal 
Communications  Commission  shall  utilize  appropriate  procedures  to  authorize  the  use  of 
such  spectrum  for  nongovernmental  use.  Nothing  in  this  section  shall  preclude  the  abili- 
ty of  the  Commission  to  allocate  additional  spectrum  to  commercial  land  remote-sensing 
space  satellite  system  use.  [citation  in  margin:  “President  of  the  U.S.  15  USC  4276.”] 

(b)  To  the  extent  required  by  the  Communications  Act  of  1934,  as  amended 
(47  U.S.C.  151  et  seq .),  an  application  shall  be  filed  with  the  Federal  Communications 
Commission  for  any  radio  facilities  involved  with  the  commercial  remote-sensing  space 
system,  [citation  in  margin:  “47  USC"  609.”] 

(c)  It  is  the  intent  of  Congress  that  the  Federal  Communications  Commission  com- 
plete the  radio  licensing  process  under  the  Communications  Act  of  1934,  as  amended  (47 
U.S.C/  151  et  seq.),  upon  the  application  of  any  private  sector  party  or  consortium  opera- 
tor of  any  commercial  land  re  mole-sen  sing  space  system  subject  to  this  Act,  within  one 
hundred  and  twenty  days  of  the  receipt  of  an  application  for  such  licensing.  If  final  action 
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has  not  occurred  within  one  hundred  and  twenty  days  of  the  receipt  ol  such  an  applica- 
tion, tlu*  Federal  Communications  Commission  shall  inform  the  applicant,  of  any  pending 
issues  and  of  actions  required  to  resolve  them. 

(d)  Authority  shall  not  he  required  from  the  Federal  Communications  Commission 
for  the  development  and  construction  of  any  United  Slates  land  remote-sensing  space  sys- 
tem (or  (component  thereof),  other  than  radio  transmitting  facilities  or  components, 
while  any  licensing  determination  is  being  made. 

(e)  Frequency  allocations  made  pursuant  to  this  section  by  the  Federal  Communi- 
cations Commission  shall  be  consistent  with  international  obligations  and  with  the  public 
interest 


CONSULTATION 

SEC.  607.  (a)  I he  Secretary  shall  consult  with  the  Secretary  of  Defense  on  all  matters 
under  this  Act  affecting  national  security.  The  Secretary  of  Defense  shall  be  responsible 
for  determining  those  conditions,  consistent  with  this  Act,  necessary  to  meet  national 
security  concerns  of  the  United  States  and  for  notifying  the  Secretary  promptly  of  such 
conditions,  (citation  in  margin:  “Defense  and  national  security.  15  USC  4277.”] 

(b)  (1)  The  Secretary  shall  consult  with  the  Secretary  of  State  on  all  matters  under 
this  Act  affecting  international  obligations.  The  Secretary  of  State  shall  be  respon- 
sible for  determining  those  conditions,  consistent  with  this  Act,  necessary  to  meet 
international  obligations  and  policies  of  the  United  States  and  for  notifying  the 
Secretary  promptly  of  such  conditions. 

(2)  Appropriate  Federal  agencies  are  authorized  and  encouraged  to  provide 
remote-sensing  data,  technology,  and  training  developing  nations  as  a component 
of  programs  of  international  aid. 

(3)  The  Secretary  of  State  shall  promptly  report  to  the  Secretary  any  instances 
outside  the  United  States  of  discriminatory  distribution  of  data. 

(c)  If,  as  a result  of  technical  modifications  imposed  on  a system  operator  on  the  basis 
of  national  security  concerns,  the  Secretary,  in  consultation  with  the  Secretary  of  Defense 
or  with  other  Federal  agencies,  determines  that  additional  costs  will  be  incurred  by  the 
system  operator,  or  that  past  development  costs  (including  the  cost  of  capital)  will  not  be 
recovered  by  the  system  operator,  the  Secretary  may  require  the  agency  or  agencies 
requesting  such  technical  modifications  to  reimburse  the  system  operator  for  such  addi- 
tional or  development  costs,  but  not  for  anticipated  profits.  Reimbursements  may  cover 
<osts  associated  with  required  changes  in  system  performance,  but  not  costs  ordinarily 
associated  with  doing  business  abroad. 

AMENDMENT  TO  NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION  AUTHORIZATION,  1983 

SEC.  608.  Subsection  (a)  of  section  201  of  the  National  Aeronautics  and  Space 
Administration  Authorization  Act,  1983  (Public  I>aw  97-324;  96  Stat.  1601 ) is  amended  to 
read  as  follows:  [citation  in  margin:  “15  USC  1517  note.”] 

“(a)  The  Secretary  of  Commerce  is  authorized  to  plan  and  provide  for  the  manage- 
ment and  operation  of  civil  remote-sensing  space  systems,  which  may  include  the  Landsat 
4 and  5 satellites  and  associated  ground  system  equipment  transferred  from  the  National 
Aeronautics  and  Space  Administration;  to  provide  for  user  fees;  and  to  plan  for  the  trans- 
fer of  the  operation  of  civil  remote-sensing  space  systems  to  the  private  sector  when  in  the 
national  interest.” 
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AUTHORIZATION  OF  APPROPRIATIONS 

SEC.  609.  (a)  Then*  are  authorized  to  he  appropriated  to  the  Secretary  $75,000,000  for 
fiscal  year  1985  lor  the  purpose  of  carrying  out  the  provisions  of  this  Act.  Such  sums  shall 
remain  available  until  expended,  but  shall  not  become  available  until  the  time  periods 
specified  in  sections  202(c)  and  303(c)  have  expired,  [citation  in  margin:  “15  USC  4278."] 
(b)  The  authorization  provided  for  under  subsection  (a)  shall  be  in  addition  to  mon- 
eys [ sic J authorized  pursuant  to  title  II  of  the  National  Aeronautics  and  Space 
Administration  Act,  1983.  [citation  in  margin:  “15  USC]  1517.”] 

TITLE  VII— PROHIBITION  OF  COMMERCIALIZATION  OF  WEATHER  SATELLITES 

PROHIBITION 

SEC.  701.  Neither  the  President  nor  any  other  official  of  the  Government  shall  make  any 
effort  to  lease,  sell,  or  transfer  to  the  private  sector,  commercialize,  or  in  anyway  disman- 
tle any  portion  of  the  weather  satellite  systems  operated  by  the  Department  of  Commerce 
or  any  successor  agency,  [citation  in  margin:  “President  of  U.S.  15  USC  4291."] 

FUTURE  CONSIDERATIONS 

SEC.  702.  Regardless  of  any  change  in  circumstances  subsequent  to  the  enactment  of  this 
Act,  even  if  such  change  makes  it  appear  to  be  in  the  national  interest  to  commercialize 
weather  satellites,  neither  the  President  nor  any  official  shall  take  any  action  prohibited  by 
section  701  unless  this  title  has  first  been  repealed,  [citation  in  margin:  “15  USC  4292.”] 

Approved  July  17,  1984. 


LEGISLATIVE  I jjSTORY—  H R.  5155: 

HOUSE  REPORT  No.  96-647  (Comm,  on  Science  and  Technology). 

SENATE  REPORT  No.  98-458  (Comm,  on  Commerce,  Science,  and  Transportation. 
CONGRESSIONAL  RECORD  Vol.  130  (1984); 

Apr.  9,  considered  and  passed  I louse. 

June  8,  considered  and  passed  Senate,  amended. 

June  28,  House  concurred  in  Senate  amendment  with  an  amendment. 

June  29,  Senate  concurred  in  House  amendment. 

WEEKLY COMPIIATION  OF  PRESIDENTIAL  DOCUMENTS,  Vol.  20,  No.  29  (1984): 
July  17,  Presidential  statement. 


Document  IF37 

Document  title:  Office  of  the  Press  Secretary,  The  White  House,  “Statement  by  the  Press 
Secretary,”  June  1,  1989. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

By  mid- 1 989 , EOSAT  had  been  operating  Landsats  4 and  5 for  more  than  three  years,  hut  EOSAT's 
income  pom  data  sales  did  not  quite  equal , let  along  exceed,  its  operating  costs . Hence , kOSAI  still 
relied  on  the  support  of  sn>eral  million  of  dollars  from  the  federal  government  to  continue  to  collect 
Landsat  data.  No  single  government  agency  was  willing  to  provide  this  relatively  small  amount  of 
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money.  Because  of  this  dispute , Landsat  operations  were  in  danger  of  being  closed  down.  This  presi- 
dential decision  settled  the  immediate  future  of  Landsat  and  set  up  a mechanism  for  later  reexami- 
nation of  its  status. 


[no  pagination] 

For  Immediate  Release  June  1,  1989 

Statement  by  the  Press  Secretary 

The  President  today  announced  he  had  approved  funding  for  continued  operations 
of  Landsat  satellites  4 and  5 and  for  the  completion  and  launch  of  Landsat  6.  The 
President’s  action  endorsed  a recommendation  from  the  National  Space  Council  chaired 
by  Vice  President  Dan  Quayle.  The  President  also  directed  the  National  Space  Council 
and  the  Office  of  Management  and  Budget  to  review  options  with  the  intention  of  con- 
tinuing Landsat-type  data  collections  after  Landsat  6. 

Landsat,  which  takes  detailed  photographs  of  the  earth,  is  the  U.S.  Government's 
civil,  space-based,  land  remote  sensing  program.  Landsat-type  imagery  data  is  important 
for  such  applications  as  global  change  research,  environmental  monitoring,  law  enforce- 
ment, natural  resource  estimates,  national  security  and  a variety  of  private*  sector  uses.  In 
addition,  Landsat  provides  a visible  symbol  of  the  U.S.  commitment  to,  and  leadership  in, 
the  use  of  space  for  the  common  good. 

Over  recent  years,  it  has  become  increasingly  evident  that  commercializing  the  entire 
Landsat  program  would  not  be  feasible  until  at  least  the  end  of  the  century.  Since  earlier 
government  planning  was  based  on  commercializing  the  entire  program,  the  absence  of 
near-term  commercial  viability  threatened  continuity  of  Landsat  and  jeopardized  conti- 
nuity of  Landsat  data.  The  National  Space  Council,  at  its  first  meeting  on  May  12,  recom- 
mended the  action  endorsed  by  President  Bush  today. 

Continued  operation  of  Landsats  4 and  5 will  require  and  additional  $5  million  in  FY 
89  and  $19  million  in  FY  90.  Cost  of  completion  and  launch  of  Landsat  0 by  1991  has 
already  been  included  in  the  Commerce  Department  budget. 

Document  11-38 

Document  title:  Office  of  the  Press  Secretary,  The  Vice  President’s  Office,  “Vice 
President  Announces  Landsat  Policy,”  February  13,  1992,  with  attached:  “Landsat  Remote 
Sensing  Policy.” 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

I he  National  Space  Council's  detailed  reexamination  of  the  Landsat  program  in  late  1991  prompt- 
ed the  Bush  administration  to  release  this  policy  statement  about  the  Landsat  system's  future.  The 
plan  called  for  transferring  the  development  and  operations  of  I, and  sat  7 back  to  the  government. 
Landsat  6,  on  the  other  hand,  would  still  be  launched  and  operated  by  LOS  A l,  which  also  would  be 
responsible  for  overseeing  Landsats  4 and  5 until  Landsat  6 became  fully  ofxrational. 
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For  Immediate  Release  February  13,  1992 

Vice  President  Announces  Landsat  Policy 

The  Vice  President  announced  today  that  President  Bush  has  approved  a National  Space 
Policy  Directive  which  reaffirms  the  importance  of  Landsat-type  multispectral  imaging  and 
provides  a plan  for  maintaining  continuity  of  Landsat  coverage  into  the  21st  century. 

Landsat  is  an  important  satellite  program  which  provides  multispectral  pictures  of  the 
Earth.  It  supports  U.S.  government  needs,  including  those  related  to  national  security  and 
global  change  research,  and  benefits  the  U.S.  private  sector.  In  May  1989,  President  Bush 
directed  that  continuity  of  Landsat-type  remote  sensing  data  be  maintained,  and 
approved  a series  of  near  term  actions  to  implement  this  policy.  The  new  National  Space 
Policy  Directive,  which  was  developed  by  the  National  Space  Council  chaired  by  Vice 
President  Quayle,  establishes  a comprehensive,  long  range  strategy  and  assigns  agency 
responsibilities  for  the  future. 

A key  element  of  this  strategy  is  the  assignment  of  management  and  funding  respon- 
sibility for  the  next  satellite,  landsat  7,  to  the  agencies  which  have  the  primary  require- 
ments for  the  data,  NASA  and  the  Department  of  Defense.  The  strategy  seeks  to  minimize 
the  cost  of  Landsat-type  images  for  U.S.  government  uses,  calls  on  agencies  to  eliminate 
unnecessary  regulations  governing  private  sector  remote  sensing  activities,  and  fosters 
development  of  advanced  remote  sensing  technologies  to  reduce  the  cost  and  improve 
the  performance  of  future  satellites. 


##### 


Attachment 


Landsat  Remote  Sensing  Strategy 


I,  Policy  Goals 

A remote  sensing  capability  such  as  is  currently  being  provided  by  Landsat  satellites  4 
and  5 benefits  the  civil  and  national  security  interests  of  the  United  States  and  makes  con- 
tributions to  the  private  sector  which  are  in  the  public  interest.  For  these  reasons,  the 
United  States  government  will  seek  to  maintain  continuity  of  Landsat-type  data.  The  U.S. 
government  will: 

a)  Provide*  data  which  are  sufficiently  consistent  in  terms  of  acquisition  geometry, 
coverage  characteristics,  and  spectral  characteristics  with  previous  Landsat  data  to  allow 
comparisons  for  chance  detection  and  characterization; 

b)  Make  Landsat  data  available  to  meet  the  needs  of  national  security,  global  change 
research,  and  other  federal  users;  and, 

c)  Promote  and  not  preclude  private  sector  commercial  opportunities  in  Landsat- 
type  remote  sensing. 

II.  Landsat  Strategy 

a.  I he  Landsat  strategy  is  composed  of  the  following  elements: 

(1)  Ensuring  that  Landsat  satellites  4 and  5 continue  to  provide  data  as  long  as 
they  are  capable  of  doing  so,  or  until  Landsat  6 becomes  operational. 

(2)  Acquiring  a Landsat  7 satellite  with  the  goal  of  maintaining  continuity  of 
Landsat-type  data  beyond  the  projected  Landsat  6 end-of-life. 
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(3)  Fostering  the  development  of  advanced  remote  sensing  technologies,  with 
the  goal  of  reducing  the  cost  and  increasing  the  performance  of  f uture  Landsat- 
tvpe  satellites  to  meet  U.S.  government  needs,  and  potentially,  enabling  substan- 
tially greater  opportunities  for  commercialization. 

(4)  Seeking  to  minimize  the  cost  of  Landsat-type  data  for  U.S.  government  agen- 
cies and  to  provide  data  for  use  in  global  change  research  in  a manner  consistent 
with  the  Administration's  Data  Management  for  Global  Uhange  Research  Policy 
Statements. 

(5)  Limiting  U.S.  government  regulations  affecting  private  sector  remote  sensing 
activities  to  only  those  required  in  the  interest  of  national  security,  foreign  policy, 
and  public  safety. 

(f,)  Maintaining  an  archive,  within  the  United  States,  of  existing  and  futuie 
Landsat-type  data. 

(7)  Considering  alternatives  for  maintaining  continuity  of  data  beyond  Landsat  7. 

b.  These  strategy  elements  will  be  implemented  within  the  overall  resource  and  pol- 
icy guidance  provided  by  the  President. 

III.  Implementing  Guidelines 

a.  The  Department  of  Commerce  will: 

(1)  Complete  and  launch  Landsat  6. 

(2)  In  coordination  with  OMR,  arrange  for  the  continued  operation  of  Landsat 
satellites  4 and  5 until  Landsat  6 becomes  operational. 

b.  The  Department  of  Defense  and  the  National  Aeronautics  and  Space 
Administration  will: 

(1)  Develop  and  launch  a Landsat  7 satellite  of  at  least  equivalent  performance 
to  replace  Landsat  6 and  define  alternatives  for  maintaining  data  continuity 
beyond  Landsat  7. 

(2)  Prepare  a plan  by  March  1,  1992,  which  addresses  management  and  funding 
responsibilities,  operations,  data  archiving  and  dissemination,  and  commercial 
considerations  associated  with  the  Landsat  program.  This  plan  will  be  coordinat- 
ed with  other  U.S.  government  agencies,  as  appropriate,  and  reviewed  by  the 
National  Space  Council. 

(3)  With  the  support  of  the  Department  of  Energy  and  other  appropriate  agencies, 
prepare  a coordinated  technology  plan  that  has  as  its  goals  improving  the  perfor- 
mance and  reducing  the  cost  for  future  Landsat-type  remote  sensing  systems. 

c . The1  Department  of  the  Interior  will  continue  to  maintain  a national  archive  of 
Landsat-type  remote  sensing  data. 

d.  Affected  agencies  will  identify  funds,  within  their  approved  fisc  al  year  1993  bud- 
get, necessary  to  implement  this  strategy'. 


IV.  Reporting  Requirements 

U.S.  government  agencies  affected  by  these  strategy  guidelines  are  directed  to  report 
by  Marc  h 15,  1992,  to  the  National  Space  Council  on  the  implementation  of  this  strategy. 

Document  11-39 

Document  title:  Department  of  Defense  and  National  Aeronautics  and  Space 
Administration,  “Management  Plan  for  the  Landsat  Program,”  March  10,  1992. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 
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This  management  plan  spells  out  how  the  Bush  administration  planned  to  manage  the  continuation 
of  the  Landsat  program.  It  roughly  split  the  financial  responsibility  for  Landsat  development  and 
operations  evenly  between  the  Department  of  Defense  and  NASA  over  the  projected  lifetime  of  the  satel- 
lite. According  to  the  agreement,  the  Department  of  Defense  was  to  procure  the  satellite  and  NASA  was 
to  build  and  operate  the  data  recefdion  and  distribution  facility. 


m 

Management  Plan  for  the  Landsat  Program 

Introduction 


I he  Landsat  Program  benefits  a wide  community  of  users,  including  the  private  sec- 
tor, the  global  change  research  community,  national  security  and  other  Government 
users.  The  National  Aeronautics  and  Space  Administration  (NASA)  and  the  Department 
of  Defense  (DoD)  agree  that  the  program  provides  a unique  capability  that  should  be  con- 
tinued. The  two  agencies  will  therefore  cooperate  in  the  continuation  of' the  Landsat  pro- 
gram, including  the  development  and  operation  of  a Landsat  follow-on  (Landsat  7) 
satellite,  as  well  as  in  planning  for  future  operations  and  advanced  technology'  develop- 
ment with  other  appropriate  agencies. 

This  plan  responds  to  the  President’s  National  Space  Policy  Directive  5 on  Landsat 
Remote  Sensing  Strategy;  dated  February  1992.  It  outlines  an  integrated  approach  to  the 
management,  development  and  operation  of  a newly  structured  Landsat  program  tailored 
to  be  more  responsive  to  national  security  and  global  change  research  needs  through  the 
year  2002  and  potentially  beyond. 

To  implement  this  plan,  the1  involved  agencies  will  work  with  the  Congress  to  obtain 
any  necessary  enabling  legislation. 

Concept 


DoD,  representing  the  national  security  community,  and  NASA,  representing  the  U.S. 
Global  Change  Research  Program  and  the  civil/private  Landsat  use  community  in  gener- 
al, will  divide  the  management  responsibilities  and  costs  for  the  program  with  approxi- 
mate equality. 


General  Description 


The  program  will: 

• Be  consistent  with  the  following  goals: 

Maintain  Landsat  program  data  continuity  beyond  Landsat  b by: 

[2]  - Seeking  to  launch  Landsat,  approximately  5 years  alter  the  launch  of  Landsat  f> 

— Continuing  to  provide  data  which  are  sufficiently  consistent  in  terms  of  acqui- 
sition geometry,  calibration,  coverage  characteristics  and  spectral  character- 
istics with  previous  Landsat  data  to  allow  comparisons  for  global  and  regional 
change  detection  and  characterization 

Continue  to  make  such  data  available  for  U.S.  civil,  national  security,  and  pri- 
vate sector  uses 


- Seek  to  expand  the  use  of  such  data  for  global  change  research  and  national 
security  purposes 

• Acquire  a Landsat  7 satellite  which  is,  as  a minimum,  functionally  equivalent  to 
the  Landsat  <>  satellite,  with  the  addition  of  a Tracking  and  Data  Relay  Satellite 
[System]  (TDRSS)  communications  capability.  Additional  improvements  will  be 
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,ir  "p  n°' i,la<-a^  risk  t(*  <•»“»  coutimmy,  and  are  attainable  within 
agree  d-to  funding.  Potential  improvements  could  include  features  such  as 
imp.oved  spatial  or  spectral  resolution,  stereoscopic  viewing  and  other  capabili- 
tu  s that  could  improve  the  operational  utility  of  the  data. 

Evaluate  the  need,  and  alternative  means,  for  implementing  follow-on  satellite 
sys  ems  and  improvements  beyond  Landsat  7.  This  would  inc  lude  evaluation  of 
potential  changes  program  management,  funding  responsibilities,  data  man- 
agement/utilization,  system  configuration  and  operational  concepts,  as  well  as 
use  of  advanced  technologies  to  improve  performance  and  reduce  cost. 

Program  Management  Responsibilities 

Dol)  will  have  the  lead  responsibility  for  the  acquisition  and  launch  of  the 
-incisal  7 satellite,  and  with  NASA  and  Department  of  Knergv  (DoK)  participa- 
(.on  will  prepare  a technology  demonstration  plan  for  posl-l.and.sat  7 satellites 
In  addition,  the-  Dol)  Project  Office  will  provide  general  systems  level  engineer- 
ing and  integration  services  in  support  of  both  the  NASA  and  DoD  Project 
■ anageis  I he  Dol)  portion  of  the  program  will  be  administered  under  the 

S nil  rTp  ‘ v'rrl  -nr°l<'<  t °ffice>  as  Pa"  of  'lu>  Reconnaissance 

..  !.f  NA‘SAwill  provide  appropriate  participation  in  the  responsible 

Dol)  project  office  as  required. 

MJ  • NASA  will  have  the  lead  responsibility  for  the  development  and  operation  of  the 

Landsat  ground  system,  including  data  processing,  archiving,  distribution  user 

support  and  mission  operations  management.  The  NASA  portion  of  the  program 

wi!  be  administered  under  the  Director,  Earth  Science  and  Applications  Division 

mice  of  Space  Science  and  Applications  in  coordination  with  the  Mission  to 

!i  riNtitrvh  r0gra,fr  1)<>D  Wl1'  Pr<)vk,c  appropriate  participation  in  the  respon- 
sihlc  NASA  project  office  as  required.  1 

A jointly  c haired  Landsat  Coordinating  (.roup  (I.CG)  will  be  formed,  with  apnro- 
iniate  representation  from  both  NASA  atid  DoD.  The  group  will  be  responsible 
hn  com  (limiting  top-level  program  plans,  budgets  and  policies;  handling  intera- 
gency matters  related  to  the  program;  staffing  any  issues  requiring  adjudication 
at  se  nior  depaitmental  levels;  and  coordinating  reports  to  Congress  and  other 
tasks  related  to  the  program.  Participation  of  other  government  agencies  in  I.CG 
at  M vi tics  will  be  sought  as  appropriate. 

I he  Assistant  Sec  retary  of  Defense  for  Command,  Control,  Communications  and 
Intelligence  and  the  NASA  Associate  Administrator  for  Space  Science  and 
Applications  will  be  the  senior  agency  officials  responsible  for  program  oversight 
and  issue  resolution.  In  addition,  the  Director,  Defense  Research  and 
Engineering  (DDR&K),  the  NASA  Associate  Administrator  of  Aeronautic s and 
Space  et  hnology,  and  the  Director  of  the  DoF.  Office  of  Space  will  be  consulted 
oil  matters  i elated  to  advanced  technology. 

Funding  Responsibilities 


NMSAri"d  ,1°  ,VVI  ,.?d’  ,Und  ,hat  Portion  the  program  for  which  it  is  respou- 
S‘  i m v c-T  u!  r W’ . h,,,<  ,he  P«»«trement  and  launch  of  the  Landsat  7 satellite 
and  NASA  wtl  fund  satellite  operations,  data  processing,  archiving,  and  data  dis- 
ti ibution  (including  any  ground  hardware  and  facilities  that  are  required)  A 
mutually  acceptable  cost  baseline  will  be  developed,  with  each  agency’s  total  fund- 
ing responsibility  approximately  equal  as  spread  across  the  development  and 
operational  life  ol  Lands, u 7.  Any  significant  funding  disparities  incurred  in  pro- 
gtam  planning  or  execution  will  be  resolved  through  mutually  acceptable 
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funding  adjustments  as  agreed  to  by  the  Deputy  Secretary  of  Defense  and  the 
NASA  Administrator  (the  cost  baseline,  reflecting  tins  approach,  is  provided  in 

Aiiy^nlprovements  over  a Landsat  6 functional  equivalent  capability  for  Landsat 
7 will  he  funded  by  the  sponsoring  agency,  il  the  required  funding  exceeds  U 
baseline  defined  above.  If  it  is  agreed  that  improvements  benefit  the  intejesG  of 
both  agencies,  they  would  be  f unded  based  upon  a mutually  [4]  acceptable  shat - 
ing  arrangement  approved  by  the  Deputy  Secretary  ol  Defense  and  the  NASA 

Administrator.  . . tr, 

NASA  and  DoD  will  coordinate  their  interactions  with  Congress  with  itgard  to 

the  Landsat  program.  T . » 

Agency  funding  and  management  responsibilities  for  subset, ue.it  landsat  satel- 
lite^) would  be  the  subject  of  a separate  agreement. 


Data  Management 


Data  Access  and  Acquisition  for  Landsat  7: 

- US  Government  (USG)  civil,  national  security,  commercial  and  noncom- 
mercial users,  including  global  change  research  users,  will  have  near-real  time 
and/or  archival  access  to  all  data  acquired.  Collection  scheduling  for ^suc h 
users  will  be  accomplished  jointly  by  NASA  and  DoD,  through  the  NASA  pro- 

iec  t of  lice.  , , . . . . 

_ Commercial  users  will  be  given  input  into  collection  scheduling  and  access  to 

data  through  NASA.  . . , .<t 

- List;  users  will  have  unrestricted  rights  of  redistribution  within  the  l St.. 

Data  from  Landsats  1-6.  NASA  will  seek  to  negotiate  an  agreement  such  tl.at  data 
f rom  Undsats  1-ti  are  made  available  to  USG  civil,  national  security,  commercial 
and  .ton-commercial  users,  including  global  change  research  users  ill  a manner 
similar  to  the  arrangements  for  data  access  and  acquisition  lot  Landsat  /, 

Date  Pricing/i  he  program  will  seek  to  limit  the  cost  of  data  for  USG  civil,  nation- 
al security,  and  global  change  research  use  to  the  marginal  cost  of  lulftllmg  llu 
specific  user  request.  In  doing  so,  it  will  make  such  data  available  to  the  glo  >a 
change  research  community  In  a manner  consistent  with  the  Admm.strat.on  s 
Data  Management  for  Global  Change  Research  policy  statements.  Data  will  be 
provided  for  commercial  use,  with  the  goal  of  encouraging  Landsat  remote  sens- 
ing commercialization  and  economic  growth.  Prices,  policies,  ptoeedu.es  and 
other  terms  and  conditions  for  the  distribution  and  sale  of  imenhantecl  l andsat 

data  will  be  made  publicly  available.  . , . 

Date  Archiving.  NASA  will  work  with  the  Department  ol  the  Interior  to  dc\<  lop 
and  maintain  a permanent  national  archive  lor  all  Landsat  data. 

National  Security  and  Foreign  Policy  Considerations.  As  a general  p.  me  iple,  all 
I anelsat  data  will  remain  unclassified.  Special  data  prie.nti/.aiion,  distribution  pro- 
cedures or  restrictions  might  he  necessary  under  certain  national  security  and  foi- 
ei.m  poliev  conditions,  or  if  future  system  improvements  substantia  ly  mi  >‘  ‘{«  th‘ 
national  security  or  foreign  policy  sensitivity  of  some  Landsat  data.  DoD  and 
NASA  will  develop  procedures  to  minimize  the  impact  of  potential  resit  ic  turns  on 

Landsat  system  users. 


Other  Considerations 

. International  Cooperation.  NASA  will  have  the  lead  responsibility,  with  DoD  sup- 
port, for  evaluating  opportunities  for  international  cooperation  and  utilization  ol 
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Landsat.  NASA  will  have  the  lead  responsibility  for  arranging  for  foreign  ground 
station  operations. 

• Commercialization.  NASA  will  have  the  lead  responsibility,  with  support  from 
Dol)  and  other  agencies,  for  promoting  and  periodically  assessing  U.S.  commer- 
cial opportunities,  to  the  extent  feasible  in  the  Landsat  program. 

• Advanced  Technologies  for  Landsat  8 and  Beyond.  NASA,  Dol)  and  other  USG 
agencies  are  pursuing  advanced  technologies  that  hold  significant  promise  for 
future  land  remote  sensing  systems.  Conducting  an  advanced  technology  demon- 
stration and  evaluation  effort,  with  the  goal  of  allowing  for  technology  insertion  at 
an  appropriate  point  in  the  program,  is  desirable.  Accordingly,  with  the  support  of 
NASA,  the  I)oL  and  other  federal  agencies,  DoD  will  have  flu*  lead  responsibility 
for  preparing  a coordinated  technology  plan  that  has  as  a goal  improved  perfor- 
mance and  reduced  cost  for  future  Land  sat- type  systems.  The  plan  will  identify  rel- 
evant agency  activities  and  funding  that  can  contribute  to  this  goal. 

[ b | Approved: 

1 hand-signed:  “Aaron  Cohen  foU’J  [hand-signed:  “Donald  J.  Atwood”] 

Richard  H.  Truly  Donald  J.  Atwood 

Administrator  Deputy  Secretary  of  Defense 

National  Aeronautics  and 


Space  Administration 
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Date  Approved 

Date  Approved 

1 7 1 Attachment  l 

Cost  Baseline  (Then  Year  $M)1 

DoD  Costs: 

FY 

92 

93 

94 

95 

96 

97 

98 

99 

00 

0J_ 

02 

Total 

30 

80 

158 

1 34 

52 

6 

2 

2 

2 

2 

2 

470 

Includes: 

• Development  of  One  Landsat  6-Equivalent  Performance  Satellite 

- Enhanced  I hematic  Mapper-class  Sensor  Performance  as  a Minimum 
Baseline  includes  TDRSS  Communications 

• Launch 

- Planned  for  FY  1997 

- Titan  U-dass  launch  vehicle  from  West  Cost  (Vandenberg  AFB) 

• Program  Support /General  Systems-Level  Engineering  and  Integration  (SE  &I) 

NASA  Costs: 

FY  92  93  94  95  % 97  98  99  § (11  02  Total 

7 25  59  61  48  30  32  34  36  38  40  410 


Subject  to  enabling  legislation  and  contract  negotiations. 


OiwKRViNc;  thk  Earth  From  Space 


352 


Includes: 

• Ground  System  Development 

- Enhanced  Coniniand/Control/Telemetry  System 

- Enhanced  Data  Processing/ Product  Generation  Capability 

- Archival  Restoration 

• Mission  Operations 

- Landsat  4-6  Operations,  with  Landsat  7 Operations  Beginning  in  FY  1997 

- Landsat  4-7  Data  Processing,  Archival,  and  Distribution  Beginning  mid-1993 

- Program  Support/! '.round  Segment  System  Engineering 

- Mission  Operations  Management 

• TDRSS  Link  Added  to  Landsat  7 Satellite 

Document  11-40 

Document  title:  “Land  Remote-Sensing  Policy  Act  of  1992,”  Public  Law  102-555,  106  Stat. 
4163,  October  28,  1992. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  law  codified  the  substantial  changes  in  policy  toward  the  Landsat  program  that  had  dnudoped 
in  the  early  1990s.  ft  returned  the  development  a nd  operation  of  the  La  ndsat  program  to  the  govern- 
ment at  the  end  of  the  operational  life  of  Landsat s 4,  5,  and  6.  It  also  reiterated  the  federal  govern- 
ment's willingness,  first  noted  in  the  Laud  Remote-Sensing  Commercialization  Act  of  I9H4t  to  grant 
an  operating  license  to  operators  of  private  remote-sensing  satellites. 


[no  pagination | 

PUBLIC  l AW  102-555— OCT.  28,  1992 


l Ob  STAT.  4163 


Public  Law  102-555 
1 02d  Congress 


An  Act 


To  enable  the  United  States  to  maintain  its  leadership  in  land  remote  sensing  by  pro- 
viding data  continuity  for  the  Landsat  program,  to  establish  a new  national  land  remote 
sensing  policy,  and  for  other  purposes,  [citation  in  margin:  October  28,  1992,  H.R.  (>133  J 
Re  it  enacted  fry  the  Senate  and  House  of  Representatives  of  the  United  States  of  America  in 
Congress  assembled,  [citation  in  margin:  “Land  Remote  Sensing  Policy  Act  of  1992.  National 
defense.  15  DSC  5601  note  ’) 

SECTION.  1.  SHORT  TITLE. 

This  Act  may  be  cited  as  the  “Tand  Remote  Sensing  Policy  Act  of  1992.” 

SEC.  2.  FINDINGS. 

The  Congress  finds  and  declares  the  following: 

( 1 ) The  continuous  collection  and  utilization  of  land  remote  sensing  data  from  space 
are  of  major  benefit  in  studying  and  understanding  human  impacts  on  the  global  envi- 
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i eminent,  in  managing  the  Earth’s  natural  resources,  in  carrying  out  national  security 
functions,  and  in  planning  and  conducting  many  other  activities  of  scientific,  economic, 
and  social  importance. 

(2)  The  Federal  Government’s  Landsat  system  established  the  United  States  as  the 
world  leader  in  land  remote  sensing  technology. 

(3)  fhe  national  interest  of  the  United  States  lies  in  maintaining  international  lead- 
ership in  satellite  land  remote  sensing  and  in  broadly  promoting  the  beneficial  use  of 
remote  sensing  data. 

(I)  fhe  cost  of  Landsat  data  has  impeded  the  use  of  such  data  for  scientific  purpos- 
es, such  as  for  global  environmental  change  research,  as  well  as  for  other  public  sector 
applications. 

(5)  ( »iven  the  importance  of  the  Landsat  program  to  the  United  States,  urgent  actions, 
including  expedited  procurement  procedures,  are  required  to  ensure  data  continuity. 

(f>)  Full  commercialization  of  the  Landsat  program  cannot  be  ac  hieved  within  the 
foreseeable  future,  and  thus  should  not  serve  as  the  near-term  goal  of  national  policy  on 
land  remote  sensing;  however,  commercialization  of  land  remote  sensing  should  remain 
a long-term  goal  of  United  State's  policy. 

(7)  Despite  the  success  and  importance  of  the  Landsat  system,  funding  and  organi- 
zational uncertainties  over  the  past  several  years  have  placed  its  future'  in  doubt  and  have 
jeopardized  United  States  leadership  in  land  remote  sensing. 

(H)  Recognizing  the*  importance  of  the  Landsat  program  in  helping  to  meet  national 
and  commercial  objectives,  the  President  approved,  on  February  11,  1992,  a National 
Space'  Policy  Directive  which  was  developed  by  the  National  Space  Council  and  commits 
the1  United  State's  to  ensuring  the  continuity  of  Landsat  coverage  into  the'  21st  century. 

(9)  Because'  Landsat  data  are  particularly  important  for  national  security  purposes 
and  global  environmental  change  research,  management  responsibilities  for  the  program 
should  be  transferred  f rom  the  Department  of  Commerce  to  an  integrated  program  man- 
agement involving  the'  Department  of  Defense  and  the  National  Aeronautics  and  Space 
Administration. 

(10)  Regardless  of  management  responsibilities  for  the  Landsat  program,  the  Nation’s 
broad  civilian,  national  security,  commercial,  and  foreign  policy  interests  in  remote  sens- 
ing will  best  be  served  by  ensuring  that  Landsat  remains  an  unclassified  program  that  oper- 
ates ac  cording  to  the  princ  iples  of  open  skies  and  nondiscriminatory  access. 

(II)  Technological  advances  aimed  at  reducing  the  size  and  weight  of  satellite  systems 
hold  the  potential  for  dramatic  reductions  in  the  cost,  and  substantial  improvements  in 
the*  capabilities,  of  future  land  remote  sensing  systems,  but  such  technological  advances 
have'  not  been  demonstrated  for  land  remote  sensing  and  therefore  cannot  be*  relied 
upon  as  the  sole*  means  of  ac  hieving  data  continuity  for  the  Landsat  program. 

(12)  A technology  demonstration  program  involving  advanced  remote  sensing  tec  h- 
nologies could  serve  a vital  role  in  determining  the  design  of  a follow-on  spacecraft  to 
Landsat  7,  while  also  helping  to  determine  whether  such  a spacecraft  should  be  funded 
by  the  United  States  Government,  by  the  private  sector,  or  by  a international  consortium. 

(13)  To  maximize  the  value*  of  the  Landsat  program  to  the  American  public,  unen- 
hanced Landsat  4 through  6 data  should  be  made  available,  at  a minimum,  to  United 
States  Government  agencies,  to  global  environmental  change  researchers,  and  to  other 
researchers  who  are  financially  supported  by  the  United  States  Government,  at  the  cost  of 
fulfilling  user  requests,  and  unenhanced  Landsat  7 data  should  be  made  available  to  all 
users  at  the  cost  of  fulfilling  user  requests. 

(14)  To  stimulate  development  of  the*  commercial  market  for  enhanced  data  and 
value-added  services,  the  United  States  Government  should  adopt  a data  policy  for 
Landsat  7 which  allows  competition  within  the  private  sector  for  distribution  of  unen- 
hanced data  and  value-added  service's. 
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(15)  Development  of  the  remote  sensing  market  and  the  provision  of  commercial 
value-added  services  based  on  remote  sensing  data  should  remain  exclusively  the  function 
of  the  private  sector. 

(16)  It  is  in  the  best  interest  of  the  United  States  to  maintain  a permanent,  compre- 
hensive Government  archive  of  global  Landsat  and  other  land  remote  sensing  data  for 
long-term  monitoring  and  study  of  the  changing  global  environment. 

SEC.  3.  DEFINITIONS,  [citation  in  margin:  “15  USC  5602”] 

In  this  Act,  the  following  definitions  apply: 

(1)  The  term  “Administrator”  means  the  Administrator  of  the  National  Aeronautics 
and  Space  Administration. 

(2)  The  term  “cost  of  fulfilling  user  requests”  means  the  incremental  costs  associated 
with  providing  product  generation,  reproduction,  and  distribution  of  unenhanced  data  in 
response  to  user  requests  and  shall  not  include  any  acquisition,  amortization,  or  depreci- 
ation of  capital  assets  originally  paid  for  by  the  United  States  Government  or  other  costs 
not  specifically  attributable  to  fulfilling  user  requests. 

(3)  The  term  “data  continuity  means  the  continued  acquisition  and  availability  of 
unenhanced  data  which  are,  from  the  point  of  view  of  the  user — 

(A)  sufficiently  consistent  (in  terms  of  acquisition  geometry,  coverage  character- 
istics, and  spectral  characteristics)  with  previous  Landsat  data  to  allow  compar- 
isons for  global  and  regional  change  detection  and  characterization;  and 

(B)  compatible  with  such  data  and  with  methods  used  to  receive  and  process  such 
data. 

(4)  The  term  “data  preprocessing”  may  include — 

(A)  rectification  of  system  and  sensor  distortions  in  land  remote  sensing  data  as 
it  is  received  directly  from  the  satellite  in  preparation  for  delivery. to  a user; 

(B)  registration  of  such  data  with  respect  to  features  of  the  Earth;  and 

(C)  calibration  of  spectral  response  with  respect  to  such  data,  but  does  not 
include  conclusions,  manipulations,  or  calculations  derived  from  such  data,  or  a 
combination  of  such  data  with  other  data. 

(5)  The  term  “land  remote  sensing”  means  the  collection  of  data  which  can  be 
processed  into  imagery  of  surface  features  of  the  Earth  from  an  unclassified  satellite  or 
satellites,  other  than  an  operational  United  States  Government  weather  satellite. 

(6)  The  term  “Landsat  Program  Management”  means  the  integrated  program  man- 
agement structure— 

(A)  established  by,  and  responsible  to,  the  Administrator  and  the  Secretary  of 
Defense  pursuant  to  section  101  (a);  and 

(B)  consisting  of  appropriate  of  ficers  and  employees  of  the  National  Aeronautics 
and  Space  Administration,  the  Department  of  Defense,  and  any  other  United 
States  Government  agencies  the  President  designates  as  responsible  for  the 
Landsat  program. 

(7)  The  term  “Landsat  system”  means  Landsats  1,  2,  3,  4,  5,  and  6,  and  any  follow-on 
land  remote  sensing  system  operated  and  owned  by  the  United  States  Government,  along 
with  any  related  ground  equipment,  systems,  and  facilities  owned  by  the  United  States 
Government. 

(8)  The  term  “Landsat  6 contractor”  means  the  private  sector  entity  which  was  award- 
ed the  contract  for  spacecraft  construction,  operations,  and  data  marketing  rights  for  the 
Landsat  6 spacecraft. 

(9)  The  term  “Landsat  7”  means  the  follow-on  satellite  to  Landsat  6. 

(10)  The  term  “National  Satellite  Land  Remote  Sensing  Data  Archive”  means  the 
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a j c 1 1 1 vc  established!)}'  the  Secretary  of  the  Interior  pursuant  to  the  archival  responsibili- 
ties defined  in  section  502. 

(11)  I he  term  ‘noncommercial  purposes”  refers  to  those  activities  undertaken  bv 
individuals  or  entities  on  the  condition,  upon  receipt  of  unenhanced  data,  that— 

(A)  such  data  shall  not  be  used  in  connection  with  any  bid  for  a commercial  con- 
tract, development  of  a commercial  product,  or  any  other  non-United  States 
Government  activity  that  is  expected,  or  has  the  potential,  to  be  profit  making; 

(B)  the  results  of  such  activities  are  disclosed  in  a timely  and  complete  fashion  in 
the  open  technical  literature  or  other  method  of  public  release,  except  when  such 
disclosure  by  the  United  States  Government  or  its  contractors  would  adversely' 
affect  the  national  security  or  foreign  policy  of  the  United  States  or  violate  a pro- 
vision of  law  or  regulation;  and 

(G)  suc  h data  shall  not  be*  distributed  in  competition  with  unenhanced  data  pro- 
vided by  the  Landsat  6 contractor. 

(12)  The  term  “Secretary”  means  the  Secretary  of  Commerce. 

(13)  I he  term  unenhanced  data”  means  land  remote  sensing  signals  or  imagery 
products  that  are  unprocessed  or  subject  only  to  data  preprocessing. 

(14)  f he*  term  “United  States  Government  and  its  affiliated  users”  means 

(A)  United  States  Government  agencies; 

(IV)  researchers  involved  with  the  United  States  Global  Change  Research 
Program  and  its  international  counterpart  programs;  and 

(C)  other  researchers  and  international  entities  that  have  signed  with  the*  United 
States  Government  a cooperative  agreement  involving  the  use  of  Landsat  data  for 
non-  commercial  purposes. 


19M  4 REPEAL  OF  LAND  REMOTE'SENSING  commercialization  act  of 

I he  Land  Remote-Sensing  Commercialization  Act  of  1984  (15  CSC  4201  el  sea  ) is 
repealed.  1 


TITLE  I — I AND  SAT 

SEC.  101.  LANDSAT  PROGRAM  MANAGEMENT,  [citation  in  margin:  “15  USC  5611”) 

(a)  LSIABLISMMENT. — The  Administrator  and  the  Secretary  of  Defense  shall  be 
responsible  for  management  of  the  Landsat  program.  Such  responsibility  shall  be  carried 
out  by  establishing  an  integrated  program  management  structure  for  the  Landsat  system. 

(b)  MANAGEMENT  PIAN. — The  Administrator,  the  Secretary  of  Defense,  and  any 
other  United  States  Government  official  the  President  designates  as  responsible  for  part 
of  the  Landsat  program,  shall  establish,  through  a management  plan,  the  roles,  responsi- 
bilities, and  funding  expectations  for  the  Landsat  Program  of  the  appropriate  United 
Stales  Government  agencies.  The  management  plan  shall — 

(1 ) spec  i f y that  the  fundamental  goal  of  the  Landsat  Program  Management  is  the 
continuity  of  unenhanced  Landsat  data  through  the  acquisition  and  operation  of 
a Landsat  7 satellite  as  quickly  as  practicable  which  is,  at  a minimum,  functional- 
ly equivalent  to  the  Landsat  6 satellite,  with  the  addition  of  a tracking  and  data 
relay  satellite  communications  capability; 

(2)  include  a baseline  funding  profile  that — 

(A)  is  mutually  acceptable  to  the  National  Aeronautics  and  Space 
Administration  and  the  Department  of  Defense  for  the  period  covering  the 
development  and  operation  of  Landsat  7;  and 
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(B)  provides  for  total  funding  responsibility  of  the  National  Aeronautics  and 
Space  Administration  and  the  Department  of  Defense,  respectively,  to  be 
approximately  equal  to  the  funding  responsibility  of  the  other  as  spread 
across  the  development  and  operational  life  of  Landsat  7; 

(S)  specify  that  anv  improvements  over  the  Landsat  6 functional  equivalent  capa- 
bilityfor  l'andsat  7 will  be  funded  by  a specific  sponsoring  agency  or  agencies,  m 
a manner  agreed  to  by  the  Landsat  Program  Management,  if  required  funding 
exceeds  the  baseline  funding  profile  required  by  paragraph  (2),  and  that  addi- 
tional improvements  will  be  sought  only  if  the  improvements  will  not  jeopardize 


(c) 


data  continuity;  and 

(4)  provide  for  a technology  demonstration  program  whose  objective  shall  In  th 
demonstration  of  advanced  land  remote  sensing  technologies  that  may  potential- 
ly yield  a system  which  is  less  expensive  to  build  and  operate,  and  more  respon- 
sive to  data  users,  than  is  the  current  Landsat  system. 

RESPONSIBILITIES. — The  Landsat  Program  Management  shall  lx-  responsible 


foi 


(1)  Landsat  7 procurement,  launch,  and  operations; 

(2)  ensuring  that  the  operation  of  the  Landsat  system  is  responsive  to  the  broad 
interests  of  the  civilian,  national  security,  commercial,  and  foreign  use  is  of  the 

Landsat  system;  , , 

(3)  ensuring  that  all  unenhanced  Landsat  data  remain  unclassified  and  that, 

except  as  provided  in  section  506  (a)  and  (b),  no  restricUons  are  placed  on  the 
availability  of  unenhanced  data; 

(4)  ensuring  that  land  remote  sensing  data  of  high  priority  locations  will  be 
acquired  by  the  Landsat  7 system  as  required  to  meet  the  needs  of  the  tinted 
States  Global  Change  Research  Program,  as  established  in  the  Global  Change 
Research  Act  of  1990,  and  to  meet  the  needs  of  national  security  users; 

(f»)  landsat  data  responsibilities  pursuant  to  this  Act; 

(0)  oversight  of  Landsat  contrac  ts  entered  into  under  sections  102  and  0-v, 

(7)  coordination  of  a technology  demonstration  program,  pursuant  to  sec  tion 

303;  and  . i i , , 

(5)  ensuring  that  copies  of  data  acquired  by  the  Landsat  system  are  piovidcd  to 

the  National  Satellite  Land  Remote  Sensing  Data  Archive. 

(d)  AUTHORITY  TO  CONTRACT.—  The  Landsat  Program  Management  may,  sub- 
ject to  appropriations  and  only  under  the  existing  contrac  t authority  of  the  United  Stales 
Government  agenc  ies  that  compose  the  Landsat  Program  Management  enter  into . con- 
tracts with  the  private  sector  for  services  such  as,  but  not  limited  to,  satellite  operations 


iind  data  preprocessing. 

(e)  LANDSAT  ADVISORY  PROCESS— 

(1)  ESTABLISHMENT. — Landsat  Program  Management  shall  seek  impattiai 
advice  and  comments  regarding  the  status,  effectiveness,  and  operation  of  the 
Landsat  system,  using  existing  advisory  committees  and  other  appropriate  mech- 
anisms. Such  advice  shall  be  sought  from  individuals  who  represent— 

(A)  a broad  range  of  perspectives  on  basic  and  applied  science  and  opera- 
tional needs  with  respect  to  land  remote  sensing  data; 

(B)  the  full  spectrum  of  users  of  Landsat  data,  including  representatives  bom 
United  States  Government  agencies,  State  and  local  government  agencies, 
academic  institutions,  nonprofit  organizations,  value-added  companies  the 
agric  ultural  mineral  extrac  tion,  and  other  user  industries,  and  the  public . 
and 

(C)  a broad  diversity  of  age  groups,  sexes,  and  races. 


Kxplorinc,  thf.  Unknown 


857 


(2)  RKPORTS.— Within  I year  after  the  date  of  the  enactment  of  this  Act  and 
biennially  thereafter,  the  Landsat  Program  Management  shall  prepare  and  submit 
A report  to  tin*  Congress  which — 

(A)  reports  die  public  comments  received  pursuant  to  paragraph  ( i ) ■ and 

(B)  includes — 

(i)  a 1 espouse  to  lin*  public  comments  received  pursuant  to  paragraph  ( 1 ); 
(n)  information  on  the  volume  of  use,  by  category  of  data  from  the 
Landsat  system;  and 

(iii)any  recommendations  for  policy  or  programmatic  changes  to 
improve  the  utility  and  operation  of  the  Umdsat  system. 

SEC.  102  PROCUREMENT  OF  LANDSAT  7.  (citation  in  margin:  “15  USC  5(il2"| 

(a)  ( < )\  I R \(  | NEGOIIAIIONS. — The  Landsat  Program  Management  shall,  snl>- 
|c(  to  appropriations  and  only  under  the  existing  contract  authority  of  the  United  States 

^ progratn  Manag(.im,m,  c.X|K,li(iousiv 

I iiids  it  7 ' ' 1 1 mU  < Sla,l  s |)llvau‘  sm°r  cnt"y  ,or  ,lu'  development  and  delivery  of 

(h)  DEVELOPMENT  AND  DELIVERY  CONSIDERATION.— In  negotiating  a con- 
lact  mulct  (Ins  section  for  the  development  and  delivery  of  Landsat  7,  the  Landsat 
Program  Management  shall— 

( I ) seek,  as  a fundamental  objective,  to  have  landsat  7 operational  by  the  expect- 
<-d  end  of  the  design  life  of  Landsat  <i;  ' ! 

(2)  seek  to  ensure  data  continuity  by  the  development  delivery  of  a satellite 
winch  is,  at  a minimum,  functionally  equivalent  to  the  I-andsat  (i  satellite;  and 
(5)  seek  to  incorporate  in  Landsat  7 any  performance  improvements  required  to 

, , i\7vaKwxLwrn,nent  nceds  that  wou,d  no1  jeopardize  data  continuity. 

(O  NOIIHCAMON  Of  COST  AND  SCHEDULE  CHANGES.— The  Landsat 
I logtani  Management  shall  promptly  notify  the  Congress  of  any  significant  tleviations 
jo"1  "u‘  l‘xpe<  ted  cost  delivery  date,  and  launch  date  of  Landsat  7,  that  are  specified  by 
the  1-andsat  Imgram  Management  upon  award  of  the  contract  mule,  this  section 

(d)  l Nil  ED 'SI  AILS  PRIVATE  SECTOR  ENTITIES— The  Landsat  Program 
Management  shall,  for  purposes  of  this  Act,  define  the  term  “United  States  private  sector 

entities,  taking  into  account  the  location  of  operations,  assets,  personnel,  and  other  such 
i ac  toi  s. 


SEC.  103.  DATA  POLICY  FOR  LANDSAT  4 THROUGH  6. 

5b  18”) 


[citation  in  margin:  “15  USC" 


(a)  ( X )NTRA( : r NE( iOTIATIONS.  Within  30  days  after  the  date  of  enactment  of 
his  Act,  the  Landsat  Program  Management  shall  enter  into  negotiations  with  the  Landsat 
> ( onlt.tf  toi  to  loimalize  an  arrangement  with  respect  to  pricing,  distribution,  acouisi- 
archiving,  and  availability  of  unenhanced  data  for  which  the  landsat  fi  contractor 
has  i esponsibihly  under  its  contract.  Such  arrangement  shall  provide  for  a phased  transi- 
t.on  to  a (lata  policy  consistent  with  the  Landsat  7 data  policy  (developed  pursuant  to  sec- 
tion It).))  by  the  date  of  initial  operation  of  Landsat  7.  Conditions  of  the  phased 
an angement  should  require  that  the  Landsat  6 contractor  adopt  provisions  so  that  by  the 
final  phase  of  the  transition  period — 

(I)  Stull  unenhamed  data  shall  be  provided,  at  a minimum,  to  the  United  States 
Government  and  its  affiliated  users  at  the  cost  of  fulfilling  user  requests,  on  the  con- 
dition that  such  unenhanced  data  are  used  solely  for  noncommercial  purposes 


358 


OiiSKRViNc;  the  Earth  From  Space. 


(2)  instructional  data  sets,  selected  from  the  I.andsat  data  archives  will  be  made 
available  to  educational  institutions  exclusively  for  noncommercial,  educational 
purposes  at  the  cost  of  fulfilling  usei  lequests, 

(3)  Landsat  data  users  are  able  to  acquire  unenhanced  data  contained  in  the  c ol- 
lective  archives  of  foreign  ground  stations  as  easily  and  affordably  as  pi  ai  lit  a ) e, 

(4)  adequate  data  necessary  to  meet  the  needs  of  global  environmental  change 

researchers  and  national  security  users  are  acquired;  . 

(5)  the  United  States  Government  and  its  affiliated  users  shall  not  be  prohibited 
from  reproduction  or  dissemination  of  unenhanced  data  to  other  agencies  of  the 
United  States  Government  and  other  affiliated  users,  on  tl.e  condition  that  such 
unenhanced  data  are  used  solely  for  noncommercial  purposes; 

(<i)  nonprofit,  public  interest  entities  receive  vouchers,  data  grants,  or  other  such 
means  of  providing  them  with  unenhanced  data  at  the  cost  of  fulfilling  user 
requests,  on  the  condition  that  such  unenhanced  data  are  used  solely  for  non- 
commercial purposes;  ...  , 

(7)  a viable  role  for  the  private  sector  in  the  promotion  and  development  of 

commercial  market  for  value-added  and  other  services  using  unenhanced  data 
from  the  Landsat  system  is  preserved;  and  . 

(8)  unenhanced  data  from  the  I.andsat  system  are  provided  to  die  National 
Satellite  Land  Remote  Sensing  Data  Archive  at  no  more  than  the  cost  of  fulfilling 


user  requests.  . . , . , 

(b)  FAILURE  TO  REACH  AGREEMENT. — If  negotiations  under  subsection  (a)  have 

not  bv  September  30,1993,  resulted  in  an  agreement  that  the  Landsat  Program 
Management  determines  generally  achieves  the  goals  stated  m subsection  (b)  (1)  tfuough 
(8)  the  Administrator  and  the  Secretary  of  Defense  shall,  within  30  days  alter  the  date  of 
such  determination,  jointly  certify  and  report  such  determination  to  the  Congress.  1 he 
report  shall  include  a review  of  options  and  projected  costs  for  achieving  stub  goals,  and 
shall  include  recommendations  for  achieving  such  goals.  The  options  reviewed  shall 


include — | marginal  note:  “Reports”] 

(1)  retaining  the  existing  or  modified  contract  with  the  Landsat  (>  contractor; 
the  termination  of  existing  contracts  for  the  exclusive  right  to  market  unen- 


hanced I-andsal  data;  and  . . . , 

(3)  the  establishment  of  an  alternative  private  sector  mechanism  tor  the  market 

ing  and  commercial  distribution  of  such  data. 


SEC.  104.  TRANSFER  OF  LANDSAT  6 PROGRAM  RESPONSIBILITIES,  (citation  m 
margin:  “15  USC  5G 1 4*  | 


The  responsibilities  of  the  Secretary  with  respect  to  Landsat  6 shall  be  transferred  to 
the  Landsat  Program  Management,  as  agreed  to  between  the  Secretary  and  the  Landsat 
Program  Management,  pursuant  to  section  101. 


SEC.  105.  DATA  POLICY  FOR  LANDSAT  7.  (citation  in  margin:  “15  USC  561  r>"| 


(0  LANDSAT  7 DATA  POLICY. — The  Landsat  Program  Management,  in  consulta- 
tion with  other  appropriate  United  States  Government  agenc  ies,  shall  develop  a data  pol- 
iev  for  Landsat  7 which  should — ....  irlr 

(l)  ensure  that  unenhanced  data  are  available  to  all  users  at  the  cost  of  fulfilling 


user  requests;  r 

(2)  ensure  timely  and  dependable  delivery  of  unenhanced  data  to  the  full  spec- 
trum of  civilian,  national  security,  commercial,  and  foreign  users  and  the  National 
Satellite  Land  Remote  Sensing  Data  Archive; 
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(3)  ensure  that  the  United  States  retains  ownership  of  all  unenhanced  data  gen- 
erated hy  Uandsat  7; 

(1)  support  the  development  of  the  commercial  market  for  remote  sensing  data; 
(5)  ensure  that  the  provision  of  commercial  value-added  services  based  on  remote* 
sensing  data  remains  exclusively  the  f unc  tion  of  the  private*  sector;  and 
(())  to  the  extent  possible,  ensure  that  the  data  distribution  system  for  Uandsat  7 
is  compatible  with  the  Earth  Observing  System  Data  and  Information  System. 

(b)  In  addition,  the  data  policy  for  Uandsat  7 may  provide  for — 

(1)  United  Stales  private  sector  entities  to  operate  ground  receiving  stations  in 
the  United  States  for  Uandsat  7 data; 

(2)  other  means  for  data:  access  by  private  sector  entities  to  unenhanced  data 
from  Uandsat  7;  and 

(3)  the  United  State  s Government  to  charge  a per  image  fee,  license  fee,  or  other 
such  fee  to  entities  operating  ground  receiving  stations  or  distributing  Uandsat  7 
data. 

(c)  UANDSAT  7 DATA  POLICY  PI  AN.— Not  later  than  July  15,  1994,  the  Uandsat 
Program  Management  shall  develop  and  submit  to  Congress  a report,  that  contains  a 
Uandsat  7 Data  Policy  Plan.  This  plan  shall  define  the  roles  and  responsibilities  of  the  var- 
ious public  and  private  sector  entities  that  would  be  involved  in  the  acquisition,  process- 
ing, distribution,  and  archiving  of  Uandsat  7 data  and  in  operations  of  the  Uandsat  7 
spacecraft,  [marginal  note:  “Reports”] 

(d)  REPORTS. — Not  later  than  12  months  after  submission  of  the  Uandsat  7 Data 
Policy  Plan,  required  by  subsection  (c),  and  annually  thereafter  until  the*  launch  of 
Uandsat  7,  the  Uandsat  Program  Management,  in  consultation  with  representatives  of 
appropriate  United  States  Government  agencies,  shall  prepare*  and  submit  a report  to  the 
( Congress  which — 

(1)  provides  justification  for  the*  Uandsat  7 data  policy  in  terms  of  the  civilian, 
national  security,  commercial,  and  foreign  policy  needs  of  the  United  States;  and 

(2)  provides  justification  for  any  elements  of  the*  Uandsat  7 data  policy  which  arc* 
not  consistent  with  the*  provisions  of  subsection  (a). 

I l l UK  II— LICENSING  OF  PRIVATE  REMOTE  SENSING  SPACE  SYSTEMS 
SEC.  201.  GENERAL  LICENSING  AUTHORITY,  [citation  in  margin:  “15  USC  5021”) 

(a)  LICENSING  AIJTI IORITY  OF  SECRETARY.— 

(1)  In  consultation  with  other  appropriate  United  States  Government  agencies, 
the*  Secretary  is  authorized  to  license  private  sec  tor  parties  to  operate  private 
remote  sensing  space  systems  for  such  period  as  the  Secretary  may  specify  and  in 
accordance  with  the  provisions  of  this  title. 

(2)  In  the*  case  of  a private  space  system  that  is  used  for  remote  sensing  and  other 
purposes,  the  authority  of  the  Secretary  under  this  title  shall  be  limited  only  to 
the  remote  sensing  operations  of  such  space  system. 

(h)  COMPLIANCE  WITH  THE  IAW,  REGU1ATIONS,  INTERNATIONAL  OBLIGA- 
TIONS, AND  NATIONAL  SECT1  RUT. — No  license  shall  he  granted  hy  the  Secretary 
unless  the*  Sec  retary  determines  in  writing  that  the  applicant  will  comply  with  the  require- 
ments of  this  Ac  t,  any  regulations  issued  pursuant  to  this  Ac  t,  and  any  applicable  interna- 
tional obligations  and  national  security  concerns  of  the  United  States. 

(c ) DEADLINE  FOR  ACTION  ON  APPLICATION.— The  Secretary  shall  review  any 
applic  ation  and  make  a determination  thereon  within  120  days  of  the  receipt  of  suc  h 
applic  ation.  If  final  ac  tion  has  not  occurred  within  such  time*,  the*  Secretary  shall  inform 
the*  applicant  of  any  pending  issues  and  of  actions  required  to  resolve  them. 


OBSKRVlNd  ] I IK  EARTH  FROM  SfWCK 


360 


(d)  IMPROPER  BASIS  FOR  DENIAL.— The  Sec  retary  shall  not  deny  such  lic  ense  in 
order  to  protect  any  existing  licensee  from  competition. 

(e)  REQUIREMENT  TO  PROVIDE  UNENI  IANCED  DATA.— 

(1)  The  Secretary,  in  consultation  with  other  appropriate  United  States 
(iovernment  agencies  and  pursuant  to  paragraph  (2),  shall  designate  in  a license 
issued  pursuant  to  this  title  any  unenhanced  data  required  to  be1  provided  by  the 
licensee  under  section  202(b)(3). 

(2)  The  Secretary  shall  make  a designation  under  paragraph  (1)  after  determin- 
ing that — 

(A)  such  data  are  generated  by  a system  for  which  all  or  a substantial  part  of 
the  development,  fabrication,  launch,  or  operations  costs  have  been  or  will  be 
directly  funded  by  the  United  Slates  (iovernment;  or 

(B)  it  is  in  the  interest  of  the  United  States  to  require  such  data  to  be  pro- 
vided by  the  licensee  consistent  with  section  202(b)  (3),  after  considering  the 
impact  on  the  licensee  and  the  importance  of  promoting  widespread  access 
to  remote  sensing  data  from  United  States  and  foreign  systems. 

(3)  A designation  made  by  the  Secretary  under  paragraph  (1)  shall  not  be  incon- 
sistent with  any  contract  or  other  arrangement  entered  into  between  a United 
States  (iovernment  agency  and  the  licensee. 

SEC.  202.  CONDITIONS  FOR  OPERATION.  I citation  in  margin:  “15  USC  5622"] 

(a)  LICENSE  REQUIRED  FOR  OPERATION.' — No  person  who  is  subject  to  the  juris- 
diction or  control  of  the  United  States  may,  directly  or  through  any  subsidiary  or  affiliate, 
operate  any  private  remote  sensing  space  system  without  a license  pursuant  to  section  201. 

(b)  LICENSING  REQUIREMENTS. — Any  license  issued  pursuant  to  this  title  shall 
spec  ify  that  t lit*  licensee  shall  comply  with  all  of  the  requirements  of  this  Act  and  shall — 

(1)  operate  the  system  in  such  manner  as  to  preserve  the  national  security  of  the 
United  States  and  to  observe  the  international  obligations  of  the  United  States  in 
accordance  with  section  506; 

(2)  make  available  to  the  government  of  a country  (including  the  United  States) 
unenhanced  data  collected  by  the  system  concerning  the  territory  under  the 
jurisdiction  of  such  government  as  soon  as  such  data  art*  available  and  on  rea- 
sonable terms  and  conditions; 

(3)  make  unenhanced  data  designated  by  the  Secretary  in  the  license  pursuant 
to  section  201(e)  available  in  accordance  with  section  501; 

(4)  upon  termination  of  operations  under  the  license,  make  disposition  of  any 
satellites  in  space  in  a manner  satisfactory  to  the  President; 

(5)  furnish  the  Secretary  with  complete  orbit  and  data  collection  characteristics 
of  the  system,  and  inform  the  Secretary  immediately  of  any  deviation;  and 

(6)  notify  the  Secretary  of  any  agreement  the  licensee*  intends  to  enter  w ith  a for- 
eign nation,  entity,  or  consortium  involving  foreign  nations  or  entities. 

(c)  ADDITIONAL  LICENSING  REQUIREMENTS  FOR  I AND  SAT  6 CONTRAC- 
TOR.— In  addition  to  the  requirements  of  paragraph  (b),  any  license  issued  pursuant  to 
this  title  to  the  Landsat  6 contractor  shall  specify  that  the  Landsat  6 contractor  shall — 

( 1)  notify  the  Secretary  of  any  value-added  activities  (as  defined  by  the  Secretary 
by  regulation)  that  will  be  conducted  by  the  Landsat  6 contractor  or  by  a sub- 
sidiary or  affiliate;  and 

(2)  if  such  activities  are  to  be  conducted,  provide  the  Secretary  with  a plan  for 
compliance  with  section  501  of  this  Act. 
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SEC.  203.  ADMINISTRATIVE  AUTHORITY  OF  THE  SECRETARY,  [citation  in  margin; 
“15  USC  5623"  | 

(a)  FUNCTIONS. — In  order  to  carry  out  the  responsibilities  specified  in  this  title,  the 
Secretary  may — 

(1 ) grant,  condition,  or  transfer  licenses  under  this  Act; 

(2)  seek  an  order  of  injunction  or  similar  judicial  determination  from  a United 
States  District  Court  with  personal  jurisdiction  over  the  licensee  to  terminate, 
modify,  or  suspend  licenses  under  this  title  and  to  terminate  licensed  operations 
on  an  immediate  basis,  if  the  Sec  retary  determines  that  the  licensee  has  substan- 
tially failed  to  comply  with  any  provisions  of  this  Act,  with  any  terms,  conditions, 
or  restrictions  of  such  license,  or  with  any  international  obligations  or  national 
security  concerns  of  the  United  States. 

(3)  provider  penalties  for  noncompliance  with  the  requirements  of  licenses  or 
regulations  issued  under  this  title,  including  civil  penalties  not  to  exceed  $10,000 
(each  day  of  operation  in  violation  of  such  licenses  or  regulations  constituting  a 
separate*  violation); 

(4)  compromise,  modify,  or  remit  any  such  civil  penalty; 

(5)  issue  subpoenas  for  any  materials,  documents,  or  records,  or  for  the  atten- 
dance and  testimony  of  witnesses  for  the  purpose*  of  conducting  a bearing  under 
this  see  (ion; 

(6)  se*i/e  any  object,  record,  or  report  pursuant  to  a warrant  from  a magistrate 
based  on  a showing  of  probable  cause  to  believe*  that  such  object,  record,  or 
report  was  used,  is  being  used,  or  is  likely  to  be  used  in  violation  of  this  Act  or  the 
requirements  of  a license  or  regulation  issued  thereunder;  and 

(7)  make*  investigations  and  inquiries  and  administer  to  or  take  from  any  person 
an  oath,  affirmation,  or  affidavit  concerning  any  matter  relating  to  the*  enforce- 
ment of  this  Act. 

(b)  REVIEW  OF  AGENCY  ACTION. — Any  applicant  or  licensee  who  makes  a timely 
request  for  review  of  an  adverse  action  pursuant  to  subsec  tion  (a)(1),  (a)(3),  (a)(5),  or 
(a)(6)  shall  be  entitled  to  adjudication  by  the  Secretary  on  the  record  after  an  opportu- 
nity for  any  agency  hearing  with  respect  to  such  adverse  action.  Any  final  action  by  the 
Secretary  under  this  subsection  shall  be  subject  to  judicial  review  under  chapter  7 of  title 
5,  United  States  Code. 

SEC.  204.  REGULATORY  AUTHORITY  OF  THE  SECRETARY.  [ citation  in  margin; 
“15  USC  5624" | 

The  Secretary  may  issue*  regulations  to  carry  out  this  title.  Such  regulations  shall  be 
promulgated  only  after  public  notice  and  comment  in  accordance  with  the  provisions  of 
sec  tion  553  of  title  5,  United  Stales  Code. 

SEC.  205.  AGENCY  ACTIVITIES,  [citation  in  margin:  “15  USC  5625"] 

(a)  1 4(  TNSE  APPLICATION  AND  ISSUANCE. — A private  sector  party  may  apply  for 
a license*  to  operate  a private  remote  sensing  space  system  which  utilizes,  on  a space-avail- 
able basis,  a civilian  United  State's  Government  satellite  or  vehicle  as  a platform  for  such 
system.  The  Secretary,  pursuant  to  this  title,  may  license  such  system  if  it  meets  all  condi- 
tions of  this  title  and — 

(1)  the*  system  operator  agrees  to  reimburse  the*  Government  in  a timely  manner 
for  all  related  costs  incurred  with  respect,  to  such  utilization,  including  a reasonable* 
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and  proportionate  share  of  fixed,  platform,  data  transmission,  and  launch  costs; 
and 

(2)  such  utilization  would  not  interfere  with  or  otherwise  compromise  intended 
civilian  Government  missions,  as  determined  by  the  agency  responsible  for  such 
civilian  platform. 

(b)  ASSISTANCE. — The  Secretary  may  offer  assistance  to  private  sector  parties  in 
finding  appropriate  opportunities  for  such  utilization. 

(c)  AGREEMENTS. — To  the  extent  provided  in  advance  by  appropriation  Acts,  any 
United  States  Government  agency  may  enter  into  agreements  for  such  utilization  if  such 
agreements  are  consistent  with  such  agency’s  mission  and  statutory  authority,  and  if  such 
remote  sensing  space  system  is  licensed  by  the  Secretary  before  commencing  operation. 

(d)  APPLICABILITY. — This  section  does  not  apply  to  activities  carried  out  under 
title  III. 

(e)  EFFECT  ON  FCC  AUTHORITY.- — Nothing  in  this  title  shall  affect  the  authority 
of  the  Federal  Communications  Commission  pursuant  to  the  Communications  Act  of 
1934  (47  U.S.C.  151  Hseq.). 

TITLE  HI— RESEARCH,  DEVELOPMENT,  AND  DEMONSTRATION 

SEC.  301.  CONTINUED  FEDERAL  RESEARCH  AND  DEVELOPMENT,  [citation  in  mar- 
gin: 15  USC  5631 1 

(a)  ROLES  OF  NASA  AND  DEPARTMENT  OF  DEFENSE.— 

(1)  The  Administrator  and  the  Secretary  of  Defense  are  directed  to  continue  and 
to  enhance  programs  of  remote  sensing  research  and  development. 

(2)  The  Administrator  is  authorized  and  encouraged  to — 

(A)  conduct  experimental  space  remote  sensing  programs  (including  appli- 
cations demonstration  programs  and  basic  research  at  universities); 

(B)  develop  remote  sensing  technologies  and  techniques,  including  those 
needed  for  monitoring  the  Earth  and  its  environment;  and 

(C)  conduct  such  research  and  development  in  cooperation  with  other 
United  States  Government  agencies  and  with  public  and  private  research 
entities  (including  private  industry,  universities,  non-profit  organizations, 
State  and  local  governments,  foreign  governments,  and  international  organi- 
zations) and  to  enter  into  arrangements  (including  joint  ventures)  which  will 
foster  such  cooperation. 

(b)  ROLES  OF  DEPARTMENT  OF  AGRICULTURE  AND  DEPARTMENT  OF  INTE- 
RIOR.— 

(1)  In  order  to  enhance  the  ability  of  the  United  States  to  manage  and  utilize  its 
renewable  and  nonrenewable  resources,  the  Secretary  of  Agriculture  and  the 
Secretary  of  the  Interior  are  authorized  and  encouraged  to  conduct  programs  of 
research  and  development  in  the  applications  of  remote  sensing  using  funds 
appropriated  for  such  purposes. 

(2)  Such  programs  may  include  basic  research  at  universities,  demonstrations  of 
applications,  and  cooperative  activities  involving  other  Government  agencies,  pri- 
vate sector  parties,  and  foreign  and  international  organizations. 

(c)  ROLE  OF  OTHER  FEDERAL  AGENCIES. — United  States  Government  agencies 
are  authorized  and  encouraged  to  conduct  research  and  development  on  the  use  of 
remote  sensing  in  the  fulfillment  of  their  authorized  missions,  using  funds  appropriated 
for  such  purposes. 
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SEC.  302.  AVAILABILITY  OF  FEDERALLY  GATHERED  UNENHANCED  DATA.  |<  iia 

tion  in  margin:  “15  USC  5632”J 

(a)  GENERAL  RULE. — All  mienhaiued  land  remote  sensing  data  gathered  and 
owned  by  the  United  States  Government,  including  unenhanred  data  gathered  under  the 
technology  demonstration  program  carried  out  pursuant  to  set  tion  303,  shall  he  made 
available  to  users  in  a timely  fashion. 

(b)  PROTECTION  FOR  COMMERCIAL  DATA  DISTRIBUTOR.— The  President 
shall  seek  to  ensure  that  unenhanced  data  gathered  under  the  technology  demonstration 
program  carried  out  pursuant  to  section  303  shall,  to  the  extent  practicable,  be  made 
available  on  terms  that  would  not  adversely  effect  [sic]  the  commercial  market  for  unen- 
hanred data  gathered  by  the  Landsat  (>  spacecraft,  [marginal  note:  “President”] 

SEC.  303.  TECHNOLOGY  DEMONSTRATION  PROGRAM.  |ritation  in  margin- 

K)  USC  5633”] 


(a)  ES I ABLISHMEN I.— As  a fundamental  component  of  a national  land  remote 
sensing  strategy,  the  President  shall  establish,  through  appropriate  United  States 
Government  agencies,  a technology  demonstration  program.  The  goals  of  such  programs 
shall  be  to — [marginal  note:  “President”] 

(1)  seek  to  launch  advanced  land  remote  sensing  system  components  within 
:>  years  after  the  date  of  the  enactment  of  this  Act; 

(2)  demonstrate  within  such  5-year  period  advanced  sensor  capabilities  suitable 
for  use  in  the  anticipated  land  remote  sensing  program;  and 

(3)  demonstrate  within  such  5-year  period  an  advanced  land  remote  sensing  sys- 
tem design  that  could  be  less  expensive  to  procure  and  operate  than  the  Landsat 
system  projected  to  he  in  operation  through  year  2000,  and  that  therefore  holds 
greater  potential  for  private  sector  investment  and  control. 

(b)  EXECUTION  OF  PROGRAM. — In  executing  the  technolog)  demonstration  pro- 

gram, the  President  shall  seek  to  apply  technologies  associated  with  United  States 
National  Technical  Means  of  intelligence  gathering,  to  the  extent  that  such  technologies 
are  appropriate  for  the  technology  demonstration  and  can  be  declassified  for  such  pur- 
poses without  causing  adverse  harm  to  United  States  national  security  interests  [margin- 
al note:  “President”!  ' 


(( ) HROAI)  APPEICAI  ION. — To  the  greatest  extent  practicable,  the  technology 
demonstration  program  established  under  subsection  (a)  shall  be  designed  to  be  respon- 
sive to  the  broad  civilian,  national  security,  commercial,  and  foreign  policy  needs  of  the 
United  States.  1 7 

(d)  PRIVATE  SECTOR  FUNDING.— The  technolog)'  demonstration  program  under 
this  section  may  be  carried  out  in  part  with  private  sector  funding. 

(e)  LANDSAT  PROGRAM  MANAGEMENT  COORDINATION. — The  Landsat 
Program  Management  shall  have  a coordinating  role  in  the  technology  demonstration 
program  carried  out  under  this  section. 

(f)  REPORT  TO  CONGRESS. — The  President  shall  assess  the  progress  of  the  tech- 
nology demonstration  program  under  this  section  and,  w'ithin  2 years  after  the  date  of 
enactment  of  this  Act,  submit  a report  to  the  Congress  on  such  progress,  [marginal  note- 
“President”) 
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TITLE  IV— ASSESSING  OPTIONS  FOR  SUCCESSOR  1AN1) 

REMOTE  SENSING  SYS  TEM 

SEC.  401.  ASSESSING  OPTIONS  FOR  SUCCESSOR  LAND  REMOTE  SENSING  SYS- 
TEM. [citation  in  margin:  "15  USC  5641”] 

(a)  ASSESSMENT. — Within  5 years  alter  the  date  of  the  enactment  ol  tins  Act,  the 
I andsat  Program  Management,  in  consultation  with  representatives  ol  appropriate 
United  States  Government  agencies,  shall  assess  and  report  to  the  Congress  on  the 
options  for  a successor  land  remote  sensing  system  to  Eandsat  7.  The  report  shall  include 
a full  assessment  of  the  advantages  and  disadvantages  of—  [marginal  note:  Reports  | 

(1)  private  sector  funding  and  management  ol  a successor  land  remote  sensing 

system;  , 

(2)  establishing  an  international  consortium  for  the  funding  and  management  ol 

a successor  land  remote  sensing  system; 

(3)  funding  and  management  ol  a successor  land  remote  sensing  system  by  the 
United  Slates  Government;  and 

(4)  a cooperative  effort  between  the  United  States  Government  and  the  pmate 
sector  for  the  funding  and  management  of  a successor  land  remote  sensing  system. 

(b)  GOALS. — In  carrying  out  subsection  (a),  the  Landsat  Program  Management 

shall  consider  the  ability  of  each  oi  the  options  to—  . , , 

(1)  encourage  the  development,  launch,  and  operation  of  a land  remote  sensing 
system  that  adequately  serves  the  civilian,  national  security,  commercial,  and  for- 
eign  policy  interests  of  the  United  States, 

(2)  encourage  the  development,  launch,  and  operation  of  a land  remote  sensing 
system  that  maintains  data  continuity  with  the  Landsat  system;  and 

(3)  incorporate  system  enhancements,  including  any  such  enhancements  devel- 
oped under  the  technology  demonstration  program  under  section  303,  which 
mav  potentially  yield  a system  that  is  less  expensive  to  build  and  operate,  and 
more  responsive  to  data  users  than  is  the  Landsat  system  projected  to  he  in  oper- 
ation through  the  year  2000. 

(c)  PREFERENCE  FOR  PRIVATE  SECTOR  SYSTEM. — If  a successor  land  remote 
sensing  system  to  Landsat  7 can  be  funded  and  managed  by  the  private  sector  while  still 
achieving  the  goals  stated  in  subsection  (b)  without  jeopardizing  the  domestic,  national 
security  and  foreign  policy  interests  of  the  United  States,  preference  should  he  given  to 
the  development  of  such  a system  by  the  private  sector  without  competition  from  the 
United  States  Government. 

TITLE  V — GENERAL  PROVISIONS 

SEC.  501.  NON  DISCRIMINATORY  DATA  AVAILABILITY,  [citation  in  margin:  "15  USC 

5651”] 

(a)  GENERAL  RULE. — Except  as  provided  in  subsection  (b)  ol  this  section,  any  unen- 
hanced data  generated  by  the  Landsat  system  or  any  other  land  remote  sensing  system 
funded  and  owned  bv  the  United  States  Government  shall  be  made  available  to  all  users 
without  preference,  bias,  or  any  other  special  arrangement  (except  on  the  basis  of  nation- 
al security  concerns  pursuant  to  section  506)  regarding  delivery,  formal,  pricing,  or  tech- 
nical considerations  which  would  favor  one  customer  or  class  of  customer  over  another. 

(I>)  EXCEPTIONS. — Unenhanced  data  generated  by  the  Landsat  system  or  any  otliet 
land  remote  sensing  system  funded  and  owned  by  the  United  States  Government  may  be 
made  available  to  the  United  States  Government  and  its  affiliated  users  at  reduced  prices. 
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in  accordance  with  this  Ad,  on  tlu*  condition  that  such  unenhanccd  data  arc*  used  solely 
for  nonconirncrcial  purposes. 

SEC.  502.  ARCHIVING  OF  DATA,  [citation  in  margin:  “15  USC  5652"] 

(a)  PUBLIC  INTEREST. — It  is  in  the  public  interest  for  the  United  State  Government 

to — 

(1)  maintain  an  arc  hive  ol  land  remote  sensing  data  for  historic  al,  sc  ientific,  and 
tec  hnical  purposes,  including  long-term  global  environmental  monitoring; 

(2)  control  the  content  and  scope  of  the  arc  hive;  and 

(5)  assure  the*  quality,  integrity,  and  continuity  of  the  arc  hive. 

(b)  ARCHIVING  PRACTICES. — The  Secretary  of  the  Interior,  in  consultation  with 
the  Landsat.  Program  Management,  shall  provide  for  long-term  storage,  maintenance,  and 
upgrading  of  a basic,  global,  land  remote  sensing  data  set  (hereinafter  referred  to  as  the 
“basic  data  set”)  and  shall  follow  reasonable  archival  practices  to  assure  proper  storage 
and  preservation  of  the  basic  data  set  and  timely  access  for  parties  requesting  data. 

(c)  DETERMINATION  OF  CONTENT  OF  BASIC  DATA  SKI.— In  determining  the 
initial  content  of,  or  in  upgrading,  the*  basic  data  set,  the*  Sec  retary  of  Interior  shall — 

( 1 ) use  as  a baseline*  the*  data  archived  on  the  date  of  enactment  of  this  Act; 

(2)  take  into  account  future  technical  and  scientific  developments  and  needs, 
paying  particular  attention  to  the  anticipated  data  requirements  of  global  envi- 
ronmental change  research; 

(5)  consult  with  and  seek  the  advice  of  users  and  producers  of  remote  sensing 
data  and  data  products; 

(4)  consider  the  need  for  data  which  may  be  duplicative  geographical  coverage 
but  which  differ  in  term  of  season,  spectral  bands,  resolution,  or  other  relevant 
factors; 

(5)  inc  lude,  as  the*  Se  cretary  of  the  Interior  considers  appropriate,  unenhanced 
data  generated  either  by  the  Landsat  system,  pursuant  to  title*  I,  or  by  licensees 
under  title  II; 

(0)  include,  as  the  Secretary  of  the  Interior  considers  appropriate,  data  collected 
by  foreign  ground  stations  or  by  foreign  remote  sensing  space  systems;  and 
(7)  ensure  that  the*  content  of  the  archive  is  developed  in  accordance  with  sec- 
tion 506. 

(d)  PUBLIC'  DOMAIN. — Afte  r the*  expiration  of  any  exclusive  light  to  sc*ll,  or  after 
relinquishment  of  suc  h right,  the*  data  provided  to  the  National  Satellite  Land  Remote* 
Sensing  Data  Archive  shall  be*  in  the  public  domain  and  shall  be  made*  available  to  request- 
ing parties  by  the  Secretary  of  the  Interior  at  the  cost  of  fulfilling  user  requests. 

SEC.  503.  NONREPRODUCTION,  [citation  in  margin:  “15  USC  5653"! 

Unenhanccd  data  distributed  by  any  licensee  under  title  II  ol  this  Ac  t may  be  sold  on 
the*  condition  that  such  data  will  not  be  reproduced  or  disseminated  by  the  purchase  r for 
commercial  purposes. 

SEC.  504.  REIMBURSEMENT  FOR  ASSISTANCE,  [citation  in  margin:  “15  USC  5654”| 

The  Administrator,  the  Secretary  of  Defense,  and  the  heads  of  other  United  States 
Government  agencies  may  provide  assistance  to  land  remote  sensing  system  operators 
under  the*  provisions  of  this  Act.  Substantial  assistance  shall  be*  reimbursed  by  the  opera- 
tor, except  as  otherwise  provided  by  law. 
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SEC.  505.  ACQUISITION  OF  EQUIPMENT,  [citation  in  margin:  "15  USC  5655”] 

I hc  Landsat  Program  Management  may,  by  means  of  a competitive  process,  allow  a 
licensee  under  title  II  or  any  other  party  to  buy,  lease,  or  otherwise  acquire  the  use  ol 
equipment  from  the  Eandsat  system,  when  such  equipment  is  no  longer  needed  for  the 
operation  ol  such  system  or  for  the  sale  of  data  from  such  system.  Officials  of  other  United 
States  Government  civilian  agencies  are  authorized  and  encouraged  to  cooperate  with  the 
Secretary  in  carrying  out  this  section. 

SEC.  506.  RADIO  FREQUENCY  ALLOCATION.  | citation  in  margin:  “15  USC  5656”] 

(a)  APPLICATION  TO  FEDERAL  COMMUNICATIONS  COMMISSION.— To  the 
extent  required  by  the  Communications  Act  of  1934  (47  U.S.C.  151  et  soy.),  an  application 
shall  be  filed  with  the  Federal  Communications  Commission  for  any  radio  facilities 
involved  with  commercial  remote  sensing  space  systems  licensed  under  title  II. 

(b)  DEADLINE  FOR  FIX!  ACTION. — It  is  the  intent  of  Congress  that  the  Federal 
Communications  Commission  complete  the  radio  licensing  process  under  the 
Communications  Act  of  1934  (47  U.S.C.  151  et  seq.),  upon  the  application  ol  any  private* 
sector  party  or  consortium  operator  of  any  commercial  land  remote  sensing  space*  system 
subject  to  this  Act,  within  120  days  of  the  receipt  of  an  application  for  such  licensing.  If 
final  action  has  not  occurred  within  120  days  of  the  receipt  of  such  an  application,  the 
Federal  Communications  Commission  shall  inform  the  applicant  ol  any  pending  issues 
and  of  actions  required  to  resolve  them,  [marginal  note:  “Licensing”] 

(c)  DEVELOPMENT  AND  CONSTRUCTION  OF  UNITED  STATES  SYSTEMS.— 
Authority  shall  not  be  required  from  the  Federal  Communications  Commission  for  the 
development  and  construction  of  any  United  Stales  land  remote  sensing  space  system  (or 
component  thereof),  other  than  radio  transmitting  facilities  or  components,  while  any 
licensing  determination  is  being  made. 

(d)  CONSISTENCY  WITH  INTERNATIONAL  OBLIGATIONS  AND  PUBLIC 
INTEREST. — Frequency  allocations  made  pursuant  to  this  section  by  the  Federal 
Communications  Commission  shall  be  consistent  with  international  obligations  and  with 
the  public  interest. 

SEC.  507.  CONSULTATION,  [citation  in  margin:  “15  USC  5657”) 

(a)  CONSULTATION  WITH  SECRETARY  OF  DEFENSE.— The  Secretary  and  the 
Landsat  Program  Management  shall  consult  with  the  Sec  retary  of  Defense  on  all  matters 
under  this  Act  affecting  national  security.  The  Secretary  of  Defense  shall  he  responsible 
for  determining  those  conditions,  consistent  with  this  Act,  necessary  to  meet  national 
security  concerns  of  the  United  States  and  for  notifying  promptly  the  Secretary  and  the 
Landsat  Program  Management  promptly  ol  such  conditions. 

(b)  CONSULTATION  WITH  SECRETARY  OF  STATE.— 

(1)  The  Secretary  and  the  Landsat  Program  Management  shall  consult  with  the 
Secretary  of  State  on  all  matters  under  this  Act  affecting  international  obligations. 
Fhe  Secretary  of  Slate  shall  be*  responsible  for  determining  those  conditions,  con- 
sistent with  this  Act,  necessary  to  meet  international  obligations  and  policies  of 
the  United  Stales  and  for  notifying  promptly  the  Secretary  and  the  Landsat 
Program  Management  of  such  conditions. 

(2)  Appropriate  United  States  Government  agencies  are  authorized  and  encour- 
aged to  provide  remote  sensing  data,  technology,  and  training  to  developing 
nations  as  a component  of  programs  of  international  aid. 
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(3)  The  Secretary  of  State  shall  promptly  report  to  the  Secretary  and  Landsat 
Program  Management  any  instances  outside  the  United  States  of  discriminatory 
distribution  of  Landsat  data.  [ marginal  note:  “Reports”] 

(c)  STATUS  RKPORT. — The  Landsat  Program  Management  shall,  as  often  as  neces- 
sary, provide  to  the  Congress  complete  and  update! d]  information  about  the  status  of 
ongoing  operations  of  the  Landsat  system,  including  timely  notification  of  decisions  made 
with  respect  to  the  Landsat  system  in  order  to  meet  national  security  concerns  and  inter- 
national obligations  and  policies  of  the  United  States  Government. 

(d)  REIMBURSEMENT. — If  as  a result  of  technical  modifications  imposed  on  a 
licensee  under  title  II  on  the  basis  of  national  security  concerns,  the  Secretary,  in  consul- 
tation with  the  Secretary  of  Defense  or  with  other  Federal  agencies,  determines  that  addi- 
tional costs  will  be  incurred  by  the  licensee,  or  that  past  development  costs  (including  tin* 
cost  of  capital)  will  not  be  recovered  by  the  licensee,  the  Secretary  may  require  the  agency 
or  agencies  requesting  such  technical  modifications  to  reimburse  the  licensee  for  such 
additional  or  development  costs,  but  not  for  anticipated  profits.  Reimbursements  may 
cover  costs  associated  with  required  changes  in  system  performance,  but  not  costs  ordi- 
nal ily  associated  with  doing  business  abroad. 

SEC.  508.  ENFORCEMENT.  |citation  in  margin:  “15  USC  5658”] 

(a)  IN  GENERAL. — In  order  to  ensure  that  unenhanced  data  from  the  Landsat  sys- 
tem received  solely  for  noncommercial  purposes  are  not  used  for  any  commercial  pur- 
pose, the  Secretary  (in  collaboration  with  private  sector  entities  responsible  for  the 
marketing  and  distribution  of  unenhanced  data  generated  by  the  Landsat  system)  shall 
develop  and  implement  a system  for  enforcing  this  prohibition,  in  the  event  that  unen- 
hanced data  from  the*  Landsat  system  are  made  available*  for  noncommercial  purposes  at 
a different  pric  e than  such  data  are  made  available  for  other  purposes. 

(b)  AUTHORITY  OF  SECRETARY.  —Subjec  t to  subsection  (d),  the*  Secretary  may 
impose  any  of  the  enforcement  mechanisms  desc  ribed  in  subsec  tion  (c)  against  a person 
who — 

(1)  receives  unenhanced  data  from  the  Landsat  system  under  this  Act  solely  for 
noncommercial  purposes  (and  at  a different  price  than  the  price  at  which  such 
data  arc*  made  available  for  other  purposes);  and 

(2)  uses  such  data  for  other  than  noncommercial  purposes. 

(c)  ENFORCEMENT  MECHANISMS. — Enforcement  mechanisms  referred  to  in  sub- 
section (b)  may  include  civil  penalties  of  not  more  than  $10,000  (per  day  per  violation), 
denial  of  further  unenhanced  data  purchasing  privileges,  and  any  other  penalties  or 
restrictions  the*  Secretary  considers  necessary  to  ensure,  to  the  greatest  extent  practicable, 
that  unenhanced  data  provided  for  noncommercial  purposes  are  not  used  to  unfairly 
compete*  in  (he  commercial  market  against  private  sector  entities  not  eligible  for  data  at 
the*  cost  of  fulfilling  user  requests. 

(d)  PROCEDURES  AND  REGULATIONS.' — The  Secretary  shall  issue  any  regulations 
necessary  to  carry  out  this  section  and  shall  establish  standards  and  procedures  governing 
the  imposition  of  enforcement  mechanisms  under  subsection  (b).  The  standards  and  pro- 
cedures shall  include  a procedure  for  potentially  aggrieved  parties  to  file  formal  protests 
with  the  Secretary  alleging  instances  where  such  unenhanced  data  has  been,  or  is  being, 
used  for  commercial  purposes  in  violation  of  the  terms  of  receipt  of  such  data.  The 
Secretary  shall  promptly  act  to  investigate  any  such  protest,  and  shall  report  annually  to 
the  Congress  on  instances  of  such  violations,  [marginal  note:  “Reports”] 
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TITLE  VI — PROHIBITION  OF  COMMERCIALIZATION  OF 
WEATHER  SAFE  ELITES 

SEC.  601.  PROHIBITION.  | citation  in  margin:  “15  USC  5671”] 

Neither  the  President  nor  any  other  official  of  the  Government  shall  make  any  effort 
to  lease,  sell,  or  transfer  to  the  private  sector,  or  commercialize,  any  portion  of  the  weath- 
er satellite  systems  operated  by  the  Department  of  Commerce  or  any  successor  agency. 

SEC.  602.  FUTURE  CONSIDERATIONS,  (citation  in  margin:  “15  USC  5672”] 

Regardless  of  any  change  in  circumstances  subsequent  to  the  enactment  of  this  Act, 
even  if  such  change  makes  it  appear  to  be  in  the  national  interest  to  commercialize  weath- 
er satellites,  neither  the  President  nor  any  official  shall  take  any  action  prohibited  by  sec- 
tion 601  unless  this  title  has  first  been  repealed. 

Approved  October  23,1992. 
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Theses  (our  letters  highlight  the  polity  and  fu  nding  dispute  over  the  Department  of  Defense  (DOD) 
provision  of  the  High  Resolution  Alulli  spectral  Stereo  Imager  (HRMSI)  for  Landsat  7,  which  DOD 
had  origi nally  proposed  for  the  satellite  hut  then  hacked  away  from  when  NASA  refused  to  fund  a sub- 
stantial upgrade  for  the  ground  system  to  collect  the  data.  V.S.  Representative  George  Brown  had 
played  a major  role  in  drafting  and  sponsoring  the  Land  Remote-Sensing  Polity  Act  of  1992  and 
therefore  had  a stake  in  seeing  the  controversy  successfully  resolved.  Dr.  John  Gibbons , President 
Clinton  's  science  advisor  and  the  director  of  the  Office  of  Science  and  Tech  nology  Polity , helped  craft 
the  Clinton  administration's  polity  toward  f rind  sat  7. 

Document  11-41 


August  9,  1993 


The  Honorable  John  Gibbons 
Assistant  to  the  President 
Office  of  Science  and  Technology  Policy 
Old  Executive  Office  Building 
Washington,  DU  20500 

Dear  Jack: 

As  you  know,  NASA  and  the  Department  of  Defense  are  roughly  splitting  the  cost  of 
the  Landsat  program  in  accordance  with  the  Land  Remote  Sensing  Policy  Act  (P.1,. 
102-555),  which  the  Vice  President  played  an  important  role  in  shaping.  However,  only 
DOD  has  requested  funding  for  the  High  Resolution  Multispectral  Stereo  Imager 
(HRMSI),  a new  sensor  that  would  produce  5-meter  resolution  imagery;  NASA’s  budget 
does  not  include  its  propostal  funding  share  for  HRMSI,  which  would  lx*  used  to  build  the 
data  handling  system. 

While  I recognize  the  difficult  choices  that  the  Administration  fated  in  formulating 
NASA’s  budget,  I was  greatly  disappointed  that  this  funding  for  HRMSI  was  not  included. 
HRMSI  is  exactly  what  many  users  of  remote  sensing  data  have  wanted  for  years.  In  addi- 
tion to  global  change  researc  h,  environmental  applications  that  need  HRMSI-lype  data 
include  biodiversity  ecosystem  mapping,  forest  and  coastal  wetlands  inventories,  oil  spill 
tracking,  toxic  waste  sitting  and  monitoring,  and  land  use  planning. 

The  lack  of  NASA  co-funding  for  HRMSI  could  lead  to  the  cancellation  of  HRMSI  if 
DOD  is  not  able  to  obtain  additional  funding.  Without  HRMSI,  DOD’s  interest  in  Landsat 
could  diminish,  possibly  jeopardizing  this  valuable  program  that  we  have  worked  so  hard 
to  preserve.  Even  if  DOD  is  able  to  fund  the  entire  cost  of  HRMSI,  most  civil  users  may  be 
unable  to  obtain  imagery  they  need  because  DOD  funding  would  not  cover  data  acquisi- 
tion and  processing  for  civil  users. 

I hope  that  you  will  turn  your  attention  to  the  need  to  establish  a funding  framework 
for  HRMSI  that  ensures  full  civil  participation  and  use  of  the  data.  I stand  ready  to  assist 
you  in  any  way  possible. 


Sincerely, 

[ 1 land-signed : “George ” ] 
GEORGE  E.  BROWN,  JR. 
Chairman 
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December  9,  1993 


Honorable  (George  K.  Brown,  Jr. 

( chairman 

Committee  on  Science,  Space  and  Technology 
U.S.  House  of  Representatives 
Washington,  D.C.  20515 

Dear  Mr.  Chairman, 

I promised  to  keep  you  informed  about  LANDS  AT.  Yesterday,  Dan  Goldin  and  I met 
to  talk  abut  some  program  decisions  in  preparation  for  the  FY95  budget.  Basically;  the 
decision  is  for  NASA  to  go  its  own  way  with  a 30  meter  resolution  thematic  mapper,  and 
DoD  will  consider  if  it  will  go  forward  with  the  5 meter  High  Resolution  Multispeclral 
Instrument  (HRMSI).  DoD  and  NASA  could  not  afford  to  go  forward  with  the  LANDSAT 
7 and  1ANDSAT  8 program. 

I am  available  to  discuss  this  with  you  at  anytime.  Hope  you  had  a productive  trip  to 
the  Far  Fast. 


Best  regards, 

l h an  d-sign  ed : “ Joh  n ” ] 
John  Deutch 


Document  11-43 


[1]  December  10,  1993 

[handwritten  note:  “George”] 

Dear  Mr.  Chairman: 

Thank  you  for  sharing  your  concerns  on  the  loss  of  I.andsal  0.  I also  share  your  dis- 
appointment with  respect  to  the  loss  of  Landsat  6 and  your  concern  with  the  potential 
data  gap  that  could  result  from  this  loss.  The  Office  of  Science  and  Technology'  Policy  is 
taking  an  active  role  in  reviewing  the  options  for  responding  to  this  new'  situation.  To  this 
end  OSTP  is  working  with  the  Department  of  Defense,  the  National  Oceanic  and 
Atmospheric  Administration,  and  the  National  Aeronautics  and  Space  Administration  to 
develop  options  for  reducing  the  likelihood  of  a gap  in  critic  al  remote  sensing  data. 

The  Administration  recognizes  that  Landsat  data  is  valuable  to  a broad  user  commu- 
nity as  represented  by  Federal,  state,  and  local  governments,  as  well  as  the  business,  intel- 
ligence, and  academic  communities.  Landsat  is  primarily  valuable  because  its  20+  year 
long  data  base  allows  trends  in  land-surface  characteristics  to  be  determined,  its  radio- 
metric  measurement  accuracy  supports  detailed  charac  terization  of  the  land-surface,  and 
its  combination  of  wide  area  coverage  and  30  meter  resolution  allows  broad  areas  to  be 
assessed  prior  to  initiating  detailed  studies  requiring  higher  spatial  resolution. 
Consequently,  as  the*  Administration  develops  a response  to  the  loss  of  Landsat  ()  we  will 
take  into  consideration  the  requirements  of  the  broad  user  community  and  the  capabili- 
ties required  to  meet  their  needs. 
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Although  we  art*  iu  the  early  stages  of  assessing  options,  initial  indications  from 
EOSAT,  the  system’s  operator,  are  that  Landsat  5 could  continue  to  operate  for  several 
more  years  even  though  it  is  already  9 years  old  and  well  past  its  design  life.  Consequently, 
the  likelihood  of  a significant  data  gap  may  not  he  as  great  as  originally  anticipated,  assum- 
ing that  Landsat  7 is  launched  on  schedule.  However,  we  do  have  serious  concerns  with 
the  coverage  of  the  earth  and  the  site  revisit  time  of  Landsat  5.  Landsat  6 would  have 
addressed  these  concerns  and  added  some  additional  capabilities  that  would  have  further 
increased  the  competitiveness  and  utility  of  the  Landsat  system. 

OSI  P in  conjunction  with  the  DOD,  NOAA,  and  NASA  is  carefully  considering 
options  to  address  both  the  loss  of  Landsat  6 and  the  cost  and  risk  of  the  Landsat  7 pro- 
gram. T hese  two  items  are  linked  because  the  availability  of  Landsat  7 directly  affects  when 
or  if  a replacement  spacecraft  for  Landsat  6 should  be  launched.  As  you  are  aware  the  cur- 
rent budgetary  environment  has  made  it  necessary  to  examine  options  in  terms  of  their 
cost  and  risk;  therefore,  I want  to  assure  you  that  any  alternatives  to  the  current  program 
will  undergo  careful  interagency  review  in  order  to  evaluate  potential  impacts  relative  to 
the  Landsat  program’s  diverse  requirements  and  users.  [ 2 1 Further,  I would  like  to  assure 
you  that  any  proposal  for  responding  to  the  loss  of  Landsat  6 or  for  significantly  modify- 
ing the  current  Landsat  program  will  address  data  continuity;  impacts  on  agency  budgets; 
schedule  impacts;  the  acquisition,  launch  and  operation  of  the  necessary  satellites  and 
instruments;  and  the  needs  of  the  user  communities. 

T he  necessary  interagency  review  will  be  expedited  to  meet  the  needs  of  FW5  bud- 
getary decision  timetables.  I lowever,  it  is  important  to  make  clear  that  no  decision  on  pro- 
gram alternatives  has  been  or  will  be  taken  prior  to  the  completion  of  this  review. 

I look  forward  to  working  with  you  on  this  important  issue  and  will  provide  a more 
detailed  discussion  of  the  alternatives  being  considered  in  the  near  future. 

Sincerely  yours, 

[hand-signed:  “Jack”! 

John  H.  Gibbons 

Director 


T he  Honorable  George  E.  Brown,  Jr. 

Chairman 

Committee  on  Science,  Space  and  Technology 
U.S.  Houser  of  Representatives 
Washington,  1)C  20510 
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Document  11-44 


December  14,  1993 


The  Honorable  John  H.  Gibbons 
Assistant  to  the  President 
Office  of  Science  and  Technology  Policy 
Old  Executive  Of  fice  Building 
Washington,  D.C.  20500 

[handwritten  note:  “Jack”] 

Dear  Dr.  Gibbous: 

Thank  you  for  your  letter  concerning  the  Landsat  program.  I appreciate  your  keep- 
ing me  informed  about  the  review  of  Landsat  issues,  hut  the  letter  does  not  directly 
respond  to  the  concerns  about  Landsat  7 outlined  in  my  letter  to  you  of  [handwritten 
underlining]  August  9.  [handwritten  note  in  margin:  “(attached)”]  Specifically,  the  letter 
made  no  mention  of  what  I believe  is  the  most  critical  issue — resolving  the  differences 
between  NASA  and  DOD  concerning  funding  for  the  High  Resolution  Multispectral 
Stereo  Imager  (HRMSJ)  on  Landsat  7. 

I would  like  to  reiterate  my  strong  support  for  the  Hmdsat  7 program  and  my  belief  that 
HRMSI  represents  a valuable  new  capability  for  both  national  security  and  civilian  users. 

I would  like  to  request  again  that  you  personally  intervene  to  provide  a solution  that 
ensures  continuation  of  the  Landsat  7 program.  Any  solution  should  fulfill  the  require- 
ments of  the  Land  Remote  Sensing  Policy  Act  (Public  Law  102-555),  including  an  inte- 
grated management  by  NASA  and  the  Department  of  Defense,  procurement  of  Landsat  7 
as  quickly  as  practicable  that  is  at  least  as  capable  as  Landsat  f>  would  have  been,  and,  where 
possible,  incorporation  of  any  improvement  needed  to  meet  U.S.  Government  needs. 

As  always,  I stand  ready  to  assist  you  in  any  way  possible. 

Sincerely, 

[ hand-signed:  “George”] 

GEORGE  E.  BROWN,  JR. 

Chairman 

Document  11-45 

Document  title:  The  White  House,  Presidential  Decision  Directive/NSTC-3,  “Landsat 
Remote  Sensing  Strategy,”  May  5,  1994. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

After  the  Department  of  Defense  decided  to  stop  directly  participating  in  the  Landsat  program,  policy 
makers  within  the  Clinton  administration  faced  the  task  of  determining  how  to  proceed.  After  con- 
siderable discussion  within  the  Clinton  administration Js  National  Science  and  technology  Council, 
with  input  from  the  National  Security  Council,  President  Clinton  signed  this  directive , which  gave 
NA  SA  responsibility  for  procuring  Landsat  7,  ATM  A the  responsibility  for  managing  operations,  and 
the  Department  of  the  Interior  the  responsibility  for  distributing  the  data  through  the  US.  Geological 
Sumey's  PROS  Data  Center  in  Sioux  Falls,  South  Dakota. 


Kxim.orinc;  i nk  Unknown 


| no  pagination] 

Presidential  Decision  Direct  ivc/NSTG-3 

TO:  The  Vice  President 

The  Secretary  of  Defense 

The  Secretary  of  Interior 

The  Secretary  of 'Commerce 

The  Director,  Office  of  Management  and  Budget 

The  Administrator,  National  Aeronautics  and  Space  Administration 

The  Assistant  to  the  President  for  National  Security  Affairs 

Tilt-  Assistant  to  the  President  for  Science  and  Technology 

The  Assistant  to  the  President  for  Economic  Policy 

SUBJECT:  Landsat  Remote  Sensing  Strategy' 

I.  Introduction 


This  directive  provides  for  continuance  of  the  Landsat  7 program,  assures  continuity 
of  Landsat-type  and  quality  of  data,  and  reduces  the  risk  of  a data  gap. 

The  Landsat  program  has  provided  over  20  years  of  calibrated  data  to  a broad  user 
community  including  the  agricultural  community,  global  change  researchers,  state  and 
local  governments,  commercial  users,  and  the  military.  The  Landsat  b satellite  which  failed 
to  reach  orbit  in  1993  was  intended  to  replace  the  existing  Landsat  satellites  4 and  5,  which 
were  launched  in  1982  and  1984.  These  satellites  which  are  operating  well  beyond  their 
three  year  design  lives,  represent  the  only  source  of  global  calibrated  high  spatial  resolu- 
tion measurements  of  the  Earth’s  surface  that  can  be  compared  to  previous  data  records. 

In  the  Fall  of  1993  the  joint  Department  of  Defense  and  National  Aeronautics  and 
Space  Administration  Landsat  7 program  was  being  reevaluated  due  to  severe  budgetary 
constraints.  This  fact,  coupled  with  the  advanced  age  of  Landsat  satellites  4 and  5,  result- 
ed in  a re-assessment  of  the  Landsat  program  by  representatives  of  the  National  Science 
and  Technology  Council.  The  objectives  of  the  National  Science  and  Technology  Council 
were  to  minimi/e  the  potential  for  a gap  in  the  Landsat  data  record  if  Landsat  satellites 
4 and  5 should  cease  to  operate,  to  reduce  cost,  and  to  reduce  development  risk.  The 
results  of  this  re-assessment  are  identified  below. 

This  document  supersedes  National  Space  Policy  Directive  #5,  dated  February  2, 
1992,  and  directs  implementation  of  the  Landsat  Program  consistent  with  the  intent  of 
P.  L.  102-555,  the  Land  Remote  Sensing  Policy  Act  of  1992,  and  P.  L.  103-221,  the 
Emergency  Supplemental  Appropriations  Act.  The  Administration  will  seek  all  legislative 
changes  necessary  to  implement  this  PDD. 

II.  Policy  Goals 

A remote  sensing  capability,  such  as  is  currently  being  provided  by  Landsat  satellites 
1 and  5,  benefits  the  civil,  commercial,  and  national  security  interests  of  the  United  States 
and  makes  contributions  to  the  private  sector  which  are  in  the  public  interest.  For  those 
reasons,  the  United  States  Government  will  seek  to  maintain  the  continuity  of  Landsat- 
type  data.  The  U.S.  Government  will: 

(a)  Provide  unenhanced  data  which  are  sufficiently  consistent  in  terms  of  acquisition 
geometry,  (overage  characteristics,  and  spectral  characteristics  with  previous  Landsat  data 
to  allow  quantitative  comparisons  for  change  detection  and  characterization: 
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(b)  Make  government-owned  Landsat  data  available  to  meet  the  needs  of  all  users  at 
no  more  than  the  cost  of  fulfilling  user  requests  consistent  with  data  policy  goals  of’  P.  L. 
102-555;  and 

(c)  Promote  and  not  prec  lude  private  sector  commercial  opportunities  in  Landsat- 
tvpe  remote  sensing. 

III.  Landsat  Strategy 

a.  The  Landsat  strategy  is  composed  of  the  following  elements: 

(1)  Ensuring  that  Landsat  satellites  4 and  5 continue  to  provide  data  as  long  as 
they  are  technically  capable  of  doing  so. 

(2)  Acquiring  a Landsat  7 satellite  that  maintains  the1  continuity  of  Landsat-type 
data,  minimizes  development  risk,  minimizes  cost,  and  achieves  the  most 
favorable  launch  schedule  to  mitigate  the  loss  of  Landsat  6. 

(3)  Maintaining  an  archive  within  the  United  States  for  existing  and  future 
Landsat-type  data. 

(4)  Ensuring  that  unenhanced  data  from  Landsat  7 are  available  to  all  users  at  no 
more  than  the  cost  of  fulfilling  user  requests. 

(5)  Providing  data  for  use  in  global  change  research  in  a manner  consistent  with 
the  Global  Change  Research  Policy  Statements  for  Data  Management. 

(6)  Considering  alternatives  for  maintaining  the  continuity  of  data  beyond  landsat  7. 

(7)  Fostering  the  development  of  advanced  remote  sensing  technologies,  with 
the  goal  of  reducing  the  cost  and  increasing  the  performance  of  future 
Landsat-type  satellites  to  meet  U.S.  Government  needs,  and  potentially, 
enabling  substantially  greater  opportunities  for  commercialization. 

b.  These  strategy  elements  will  be  implemented  within  the  overall  resource  and  pol- 
icy guidance  provided  by  the  President. 

IV.  Implementing  Guidelines 

Affected  agencies  will  identify  funds  necessary  to  implement  the  National  Strategy  for 
Landsat  Remote  Sensing  within  the  overall  resource  anti  policy  guidance  provided  by  the 
President.  (In  order  to  effectuate  the  strategy  enumerated  herein,  the  Secretary  of 
Commerce  and  the  Secretary  of  the  Interior  are  hereby  designated  as  members  of  the 
Landsat  Program  Management  in  accordance  with  section  101(b)  of  the  Landsat  Remote 
Sensing  Policy  Act  of  1992,  15  U.S.C.  5f>02  (6)  and  561 1 (b).(  Specific  agency  responsibil- 
ities are  provided  below. 

a.  The  Department  of  Commercc/NQAA  will: 

(1)  In  participation  with  other  appropriate  government  agencies  arrange  for  the 
continued  operation  of  Landsat  satellites  4 and  5 and  the  routine  operation 
of  future  Landsat  satellites  after  their  placement  in  orbit. 

(2)  Seek  better  access  to  data  collected  at  foreign  ground  stations  for  U.S. 
Government  and  private  sector  users  of  Landsat  data. 

(3)  In  cooperation  with  NASA,  manage  the  development  of  and  provide  a share 
of  the  funding  for  the  Landsat  7 ground  system. 

(4)  Operate  the  Landsat  7 spacecraft  and  ground  system  in  cooperation  with  the 
Department  of  the  Interior. 

(5)  Seek  to  offset  operations  costs  through  use  of  access  fees  from  foreign  ground 
stations  and/or  the  cost  of  fulfilling  user  requests. 

(6)  Aggregate  future  Federal  requirements  for  civil  operational  land  remote  sens- 
ing data. 

b.  The  National  Aeronautics  and  Space  Administration  will: 
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(1)  Ensure  data  continuity  by  the  development  and  launch  of  a Landsat  7 satel- 
lite system  which  is  at  a minimum  functionally  equivalent  to  the  Landsat  6 
satellite  in  accordance  with  section  102,  P.  L.  102—555. 

(2)  In  coordination  with  IX)U  and  1)01,  develop  a Landsat  7 ground  system  com- 
patible with  the  Landsat  7 spacecraft. 

(d)  In  coordination  with  1)0(1,  1)01,  and  1)01),  revise  the  current  Management 
plan  to  reflect  the  changes  implemented  through  this  directive,  including 
programmatic,  technical,  schedule,  and  budget  information. 

(\)  Implement  the  joint  NASA/DOD  transition  plan  to  transfer  the  1)01) 
Landsat  7 responsibilities  to  NASA. 

(5)  In  coordination  with  other  appropriate  agencies  of  the  U.S.  Government  devel- 
op a strategy'  for  maintaining  continuity  of  Landsat-type  data  beyond  Landsat  7. 

(())  London  a coordinated  technology  demonstration  program  with  other 
appropriate  agencies  to  improve  the  performance  and  reduce  the  cost  for 
future  unclassified  earth  remote  sensing  systems. 

< • The  Department  of  Defense  will  implement  the  joint  NASA/DOD  transition  plan 
to  transfer  the  1)01)  Landsat  7 responsibilities  to  NASA. 

T I he  Department  of  the  Interior  will  continue  to  maintain  a national  archive  of 
existing  and  future  Landsat-type  remote  sensing  data  within  the  United  States  and  make 
such  data  available  to  U.S.  Government  and  other  users. 

e.  Affected  agencies  will  identify  the  funding,  and  funding  transfers  for  FY  1994, 
required  to  implement  this  strategy'  that  are  within  their  approved  fiscal  year  1994  budgets 
and  subsequent  budget  requests. 

V.  Reporting  Requirements 

U.S.  Government  agencies  affec  ted  by  the  strategy'  guideline's  are  directed  to  report 
no  later  that  50  days  following  the  issuance  of  this  directive,  to  the  National  Science  and 
technology  Council  on  their  implementation.  The  agencies  will  address  management 
and  funding  responsibilities,  government  and  contractor  operations,  data  management, 
archiving,  and  dissemination,  necessary  changes  to  P.  L.  102—555  and  commerc  ial  con- 
siderations associated  with  the  Landsat  program. 

Document  11-46 

Document  title:  Gregory  W.  Withee,  Acting  Assistant  Administrator  for  Satellite  and 
Information  Services,  NOAA,  to  Walter  S.  Scott,  President  and  Chief  Executive  Officer, 
World  View  Imaging  Corporation,  January  4,  1993. 

Document  11-47 

Document  title:  Duane  P.  Andrews,  Assistant  Secretary  of  Defense,  to  Gregory  W.  Withee, 
Acting  Assistant  Administrator  for  Satellite  and  Information  Services,  NOAA, 
December  24,  1992. 


Document  11-48 

Document  title:  Ralph  Braibanti,  Deputy  Director,  Office  of  Advanced  Technology, 
Bureau  of  Oceans  and  International  Environmental  and  Scientific  Affairs,  U.S. 
Department  of  State,  to  Michael  Mignogno,  Chief,  Landsat  Commercialization  Division, 
NOAA,  October  19,  1992. 

Source:  All  in  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 
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The  letter  from  NOAA's  Gregory  Withee  represen  ts  the  first  license  to  operate  a commercial  remote-sens- 
ing satellite  system  granted  under  Title  II  of  the  Land  Remote-Sensing  Policy  Act  oj  1 992 . I he  license 
ions  granted  to  WorldView  Imaging  Corporation  and  subsequently  transferred  to  harthWatch,  Inc., 
when  WorldView  and  Ball  Aerospace  /armed  an  alliance  to  build  and  operate  remote-sensing  satellites 
and  to  market  data  from  them. 

Document  11-46 

|1]  JAN  4,  1993 

Mr.  Walter  S.  Scott 

President  and  Chief  Executive  Officer 
WorldView  Imaging  Corporation 
7015  Elver  ton  Drive 
Oakland,  California  9461  l-l  1 1 1 

Dear  Mr.  Scott: 

This  letter  constitutes  a license  under  Title  II  or  the  Land  Remote-Sensing  Policy  Act 
of  1992,  P.L.  102-555  (the  Act),  for  WorldView  Imaging  Corporation  (Licensee)  to  oper- 
ate a private  remote-sensing  space  system.  The  license  is  valid  lor  a period  of  10  years  from 
the  above  dale. 

A.  Approval  is  based  on  operational  specifications  set  forth  in  paragraph  (d) 
attached  to  the  letter  of  application  dated  July  15,  1992,  and  additional  information  pro- 
vided in  the  Licensee's  letter  dated  August  20,  1992,  in  response  to  questions  2-1  and  8. 

B.  This  license  is  subject  to  the  following  terms  and  conditions  which  apply  to 
WorldView  and  any  affiliate  or  contractor  as  appropriate. 

1.  Licensee  will  not  change  the  operational  characteristics  described  above  in  a 
way  that  would  result  in  materially  different  capabilities  than  those  described 
in  the  application  information.  Licensee  will  notify  the  National 
Environmental  Satellite,  Data,  and  Information  Service  (NESDIS)  at  least 
60  days  in  advance  of  scheduled  launch. 

2.  Licensee  will  operate  the  system  in  a manner  that  will  preserve  the  national 
security  of  the  United  States  through  positive  control  of  the  spacecraft  includ- 
ing safeguards  to  assure  the  integrity  of  spacecraf  t operations.  In  the  event  of 
a national  security  crisis,  as  defined  by  the  Secretary  of  Defense,  the  Secretary 
of  Commerce  may,  after  consultation  with  the  Secretary  or  Defense,  require 
the  Licensee  to  limit  data  collection  and/or  distribution  by  the  system  to  the 
extent  necessitated  by  the  crisis.  During  such  periods,  the  Licensee  shall 
endeavor  to  provide  system  data  requested  by  DOI)  and  other  national  secu- 
rity agencies  under  reasonable  cost  terms. 

[2]  3.  Licensee  will  make  available  to  the  Government  of  any  country  (including 

the  United  States)  unenhanced  data  concerning  the  territory  under  the  juris- 
diction of  such  Government  as  soon  as  such  data  are  available  and  on  rea- 
sonable terms  and  conditions. 

4.  Licensee  will  make  available  unenhanced  data  requested  by  the  National 
Satellite  Laud  Remote-Sensing  Data  Archive  (the  Archive)  in  the  Department 
of  the  Interior  on  reasonable  cost  terms  as  agreed  by  the  Licensee  and  the 
Archive.  After  a reasonable  period  of  time  as  agreed  with  the  Licensee,  the 
Archive  may  make  these  data  available  to  the  public  at  the  cost  of  fulfilling 
user  requests. 
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Before  purging  any  data  in  its  possession,  the  Licensee  shall  offer  them  to  the 
Archive  at  the  cost  of  reproduction  and  transmission.  The  Archive  may  make 
these  data  available  immediately  to  the  public  at  the  cosi  of  fulfilling  user 
requests. 

f).  Licensee  will  notify  NKSDIS  of  any  agreement  pertaining  to  operations  under 
this  license  which  the  Licensee  intends  to  enter  into  with  a foreign  nation, 
entity,  or  consortium  involving  foreign  nations  or  entities,  at  least  30  days 
before  concluding  such  agreement.  Standard  data  purchase,  distribution, 
and  processing  agreements  and  agreements  incidental  to  the  maintenance  of 
sales  offices  in  foreign  countries  are  not  included  in  this  condition. 

U.  Knforcemenl  of  the  Act  and  this  license  will  be  carried  out  in  accordance  with  sec- 
tion 203  of  the  Act.  Any  civil  penalties  authorized  by  section  203(a)  (3)  will  be  assessed  in 
accordance  with  the  procedures  set  forth  in  Subparts  B and  C of  15  CFR  Part  904.  Such 
civil  penalties  may  be  assessed  in  amounts  up  to  $10,000  for  any  violation  of  the  Act  or  any 
condition  of  this  license  with  each  day  of  violation  constituting  a separate  violation. 

1).  The  following  recpiire  an  amendment  of  the  license*; 

1.  Assignment  of  the  license; 

2.  Any  change  in  ownership  of  Licensee  that  would  result  in  foreign  individuals, 
entities,  or  consortia  having  an  aggregate  interest  in  Licensee  in  excess  of 
15  percent;  and 

[3|  3.  Any  operation  outside  the  range  of  orbits  and  altitudes,  the  range  of  spatial 

resolution  or  the  spectral  bands  approved  above,  provided  that  in  the  case  of 
an  emergency  posing  an  imminent  and  substantial  threat  of  harm  to  human 
life,  property,  environment,  or  the  remole-sensing  space  system  itself, 
Licensee  shall  not  be  required  to  obtain  such  amendment.  If  circumstances 
permit,  however,  Licensee  shall  attempt  to  obtain  oral  approval  from  NESDIS 
prior  to  making  any  substantial  change. 

1 wish  you  well  in  your  endeavors. 


Sincerely, 

Gregory  W.  Wither 
Acting  Assistant  Administrator  for 
Satellite  and  Information  Service 


Document  11-47 


December  24,  1992 


Mr.  Gregory  W.  Withee 

Ac  ting  Assistant  Administrator  for  Satellite, 

Data,  and  Information  Services 
National  Oceanic  and  Atmospheric  Administration 
Department  of  Commerce 
Washington,  DC  20233 

Dear  Mr.  Withee: 

I have  reviewed  World  View  Imaging  Corporation's  answers  to  our  questions  provid- 
er! in  your  September  lb,  1992,  letter.  I am  satisfied  that  the  system  and  the*  terms  and  con- 
ditions in  your  proposed  approval  letter  will  provide  the  necessary  protection  to  meet 
Department  of  Defense  requirements.  I recommend  approval  of  their  request. 
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There  is  currently  considerable  and  growing  international  activity  in  remote  sensing. 
Since  this  appears  to  be  the  first  attempt  to  license  a system  under  the  IANDSAT  Act,  we 
are  very  interested  and  would  like  to  track  its  progress.  Please  ask  Mr.  Scott  to  contact 
Colonel  Pete  (fill  of  my  staff  at  (703)  697-9897  to  arrange  for  a briefing  to  Do I)  repre- 
sentatives on  how  the  system  is  developing. 


Sincerely, 

Duane  P Andrews 


Document  11-48 


October  19,  1992 


Mr.  Michael  Mignogno 
Chief,  Landsat  Commercialization  Division 
NOAA/NESDIS,  FB-4,  room  330 IF 
U.S.  Department  of  Commerce 
Washington,  D.C.  20233 

Dear  Mr.  Mignogno: 

We  thank  NOAA’s  Thomas  Pyke  lor  his  September  16,  1992,  letter  to  Richard  Smith 
regarding  the  licensing  of  WorldView  Imaging  Corporation’s  proposed  private*  remote- 
sensing satellite  system. 

Mr.  Pyke’s  letter  requested  Department  review  of  WorldView’s  August  20,  1992, 
response  to  earlier  USG  [U.S.  Government | follow-up  questions  on  WorldView’s  initial 
license  application. 

Based  on  the  information  provided,  the  WorldView  lic  ense  application  appears  to  be 
consistent  with  U.S.  international  obligations,  and  this  office  recommends  approval  of  the 
application. 

We  note  in  this  connection  that  the  “National  Land  Remote  Sensing  Policy  Act  of 
1992”  has  codified  the  requirement  for  appropriate  Government  oversight  (with  appro- 
priate interagency  consultation)  of  private  system  activities  af  fecting  international  obliga- 
tions, foreign  policy,  and  the  national  security  of  the  United  States.  We  look  forward  to 
participation  in  this  process. 


Sincerely, 

Ralph  Braibanti 
Deputy  Director 
Office  of  Advanced  Technology 


cc:  NOAA/NESDIS  - Gregory  Withee 
OES-  Richard  Smith 
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Document  11-49 

Document  title:  Office  of  the  Press  Secretary,  The  White  House,  “U.S.  Policy  on 
Licensing  and  Operation  of  Private  Remote  Sensing  Systems,”  March  10,  1994. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

The  June  1993  request  of  Lockheed  Corporation  ’v  Space  Systems,  Inc.,  for  a license  to  operate  a remote - 
sensing  system  capable  of  receiving  and  marketing  data  of  one-meter  resolution  caused  the  Clinton 
administration  to  review  its  polity  toward  the  commercial  operation  of  high-resolution  satellites.  A fter 
a thorough  interagency  review,  the  White  House  released  this  policy  statement,  which  reaffirms  sup- 
port for  the  international  sale  of  relatively  high-resolution  data  and  allows  the  Secretary  of  Commerce 
the  tight  to  limit  data  collection  or  distribution  "during  periods  when  national  security  or  interna- 
tional obligations  and/or  foreign  policies  may  be  compromised.  ” The  policy  is  consider  ably  restrictive 
toward  the  sales  of  systems  to  foreign  entities,  noting  that  each  request  will  be  reviewed  on  a case-by- 
case basis  a nd  will  Ire  made  only  " on  the  basis  of  a govern  men  t-to-govern  men  t agreement.  " 


( no  pagination  ] 

For  Immediate  Release  March  10,  1904 

U.S.  Policy  on  Licensing  and  Operation  of 
Private  Remote  Sensing  Systems 

License  requests  by  US  firms  to  operate  private  remote  sensing  space  systems  will  be 
reviewed  on  a case-by-case  basis  in  accordance  with  the  Land  Remote  Sensing  Policy  Act 
of  1992  (the  Act).  There  is  a presumption  that  remote  sensing  space  systems  whose  per- 
formance capabilities  and  imagery  quality  characteristics  are  available  or  are  planned  for 
availability  in  the  world  marketplace  (e.g.,  SPOT,  Landsat,  etc.)  will  be  favorably  consid- 
ered, and  that  the  following  conditions  will  apply  to  any  US  entity  that  receives  an  oper- 
ating license*  under  the  Act. 

1.  The  licensee  will  be  required  to  maintain  a record  of  all  satellite  tasking  for  the 
previous  year  and  to  allow  the  USG  access  to  this  record. 

2.  The  licensee  will  not  change  the  operational  characteristics  of  the  satellite  system 
from  the  application  as  submitted  without  formal  notification  and  approval  of  the* 
Department  of  Commerce,  which  would  coordinate  with  other  interested  agencies. 

3.  The  license  being  granted  does  not  relieve  the  licensee  of  the  obligation  to  obtain 
export  license(s)  pursuant  to  applicable  statutes. 

4.  The  license  is  valid  only  for  a finite  period,  and  is  neither  transferable  nor  subject 
to  foreign  ownership,  above  a specified  threshold,  without  the  explicit  permission  of 
tlu*  Secretary  of  Commerce. 

5.  All  encryption  devices  must  be  approved  by  the  US  Government  for  the  purpose 
of  denying  unauthorized  access  to  others  during  periods  when  national  security,  inter- 
national obligations  and/or  foreign  policies  may  be  compromised  as  provided  for  in 
the  Act. 

A licensee  must  use  a data  downlink  format  that  allows  the  US  Government  access 
and  use  of  the  data  during  periods  when  national  security,  international  obligations 
and/or  foreign  policies  may  be  compromised  as  provided  for  in  the  Act. 
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7.  During  periods  when  national  security  or  international  obligations  and/or  for- 
eign policies  may  be  compromised,  as  defined  by  the  Secretary  of  Defense  or  the 
Secretary  of  State,  respectively,  the  Secretary  of  Commerce  may,  after  consultation 
with  the  appropriate  agency (ies),  require  the  licensee  to  limit  data  collection  and/or 
distribution  by  the  system  to  the  extent  necessitated  by  the  given  situation.  Decisions 
to  impose  such  limits  only  will  be  made  by  the  Secretary  of  Commerce  in  consultation 
with  the  Secretary  of  Defense  or  the  Secretary  of  State,  as  appropriate.  Disagreements 
between  Cabinet  Secretaries  may  be  appealed  to  the  President.  The  Secretaries  of 
State,  Defense  and  Commerce  shall  develop  their  own  internal  mechanisms  to  enable 
them  to  carry  out  their  statutory  responsibilities. 

8.  Pursuant  to  the  Act,  the  US  Government  requires  US  companies  that  have  been 
issued  operating  licenses  under  the  Act  to  notify  the  US  Government  of  its  intent  to 
enter  into  significant  or  substantial  agreements  with  new  foreign  customers. 
Interested  agencies  shall  be  given  advance  notice  of  such  agreements  to  allow  them 
the  opportunity  to  review  the  proposed  agreement  in  light  of  the  national  security, 
international  obligations  and  foreign  policy  concerns  of  the  US  Government.  The 
definition  of  a significant  or  substantial  agreement,  as  well  as  the  time  frames  and 
other  details  of  this  process,  will  be  defined  in  later  Commerce  regulations  in  consul- 
tation with  appropriate  agencies. 

U.S.  Policy  on  the  Transfer  of  Advanced  Remote  Sensing  Capabilities 

Advanced  Remote  Sensing  System  Exports 

The  United  States  will  consider  requests  to  export  advanced  remote  sensing  systems 
whose  performance  capabilities  and  imagery  quality  characteristics  are  available  or  are 
planned  for  availability  in  the  world  marketplace  on  a case-by-case  basis. 

The  details  of  these  potential  sales  should  take  into  account  the  following: 

* the  proposed  foreign  recipient’s  willingness  and  ability  to  accept  commitments  to 
the  US  Government  concerning  sharing,  protection,  and  denial  of  products  and 
data;  and 

• constraints  on  resolution,  geographic  coverage,  timeliness,  spec  tral  coverage, 
data  processing  and  exploitation  techniques,  tasking  capabilities,  and  ground 
architectures. 

Approval  of  requests  for  exports  of  systems  would  also  require  c ertain  diplomatic 
steps  be  taken,  such  as  informing  other  close  friends  in  the  region  of  the  request,  and  the 
conditions  we  would  likely  attach  to  any  sale;  and  informing  the  recipient  of  Our  decision 
and  the'  conditions  we  would  require  as  part  of  the  sale. 

Any  system  made  available  to  a foreign  government  or  other  foreign  entity  may  be 
subject  to  a formal  government-to-governmenl  agreement. 

Transfer  of  Sensitive  Technology 

The’  United  Stales  will  consider  applications  to  export  remote  sensing  space*  capabili- 
ties on  a restricted  basis.  Sensitive  technology'  in  this  situation  consists  of  items  of  tec  h- 
nology on  the  US  Munitions  List  necessary  to  develop  or  to  support  advanced  remote 
sensing  space  capabilities  and  which  are  uniquely  available  in  the  United  States.  Such  sen- 
sitive technology  shall  be  made  available  to  foreign  entities  only  on  the  basis  of  a govern- 
ment-to-government  agreement.  This  agreement  may  be  in  the  form  of  end-use  and 
retransfer  assurances  whic  h can  be  tailored  to  ensure  the  protection  of  US  technology. 
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Government-to-Government  Intelligence  and  Defense  Partnerships 

Proposals  for  intelligence  or  defense  partnerships  with  foreign  countries  regarding 
remote  sensing  t hat  would  raise  questions  about  US  Government  competition  with  the  pri- 
vate sector  or  would  change  the  US  Government’s  use  of  funds  generated  pursuant  to  a US- 
foreign  government  partnership  arrangement  shall  he  submitted  for  interagency  review. 

Document  11-50 

Document  title:  Robert  S.  Winokur,  Assistant  Administrator  for  Satellite  and  Information 
Services,  NOAA,  to  Albert  E.  Smith,  Vice  President,  Advanced  Government  and 
Commercial  Systems,  Lockheed  Missile  and  Space  Company,  Inc.,  April  22,  1994. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  letter,  which  "constitutes  a license  under  Title  II  of  the  Land  Remote  Sensing  Policy  Act  of  / 9 92,  ” 
s fells  out  the  requirements  of  government  policy  for  the  operation  of  Lockheed's  one-meter  system , con- 
sistent with  the  ( ‘.Union  administration 's  policy  on  remote  sensing,  licensing,  and  exports  of  March 
10,  1 99 4 (see  l )ocu men t 11-49), 

\ 1 I [rubber  stamped:  “APR  22,  1994”| 

Albert  K.  Smith 

Vice  President,  Advanced  Government 
and  Commercial  Systems 
Lockheed  Missiles  and  Space  Company,  Inc. 

1 1 1 1 Lockheed  Way 
Sunnyvale,  California  94089-3504 

Dear  Mr.  Smith: 

This  letter  constitutes  a license  under  Tide  II  of  the  Land  Remote  Sensing  Policy  Ac  t 
of  1992,  PL.  102-555  (the  Act),  for  Lockheed  Missiles  and  Space  Company,  Inc. 
(Licensee)  to  operate  a private  remote-sensing  space  system.  The  license  is  valid  for  a peri- 
od of  10  years  from  the  above  date*. 

A.  Approval  is  baser!  on  the  operational  specifications  set  forth  in  your  letter  of  appli- 
cation dated  June  10,  1993,  as  amended  by  your  letter  dated  August  13,  1993,  and  addi- 
tional information  provided  in  response  to  agency  requests  dated  September  12,  1993. 

B.  This  license  is  limited  to  the  operations  of  a land  remote-sensing  space  system  and 
subject  to  the  following  terms  and  conditions  that  apply  to  the  Licensee  and  any  sul> 
sidiary,  affiliate,  or  contractor,  as  appropriate.  The  issuance  of  this  license  does  not  relieve 
the  Licensee  of  the  obligation  to  obtain  export  or  other  licenses  from  appropriate  U.S. 
Government  agencies  pursuant  to  applicable  statutes. 

1.  Licensee  shall  comply  with  the  requirements  of  the  Act,  and  any  applicable 
regulations  issued  pursuant  to  the  Act.  The  Licensee  shall  operate  the  system 
in  a manner  that  preserves  the  national  security  and  observes  the  interna- 
tional obligations  and  foreign  polices  of  the  United  States.  The  Lic  ensee  shall 
at  all  times  maintain  positive  control  of  the  spacecraf  t including  safeguards  to 
ensure  the  integrity  of  spacecraft  operations.  The  Licensee  shall  maintain 
and  make  available  to  the  U.S.  Government,  as  requested,  a record  of  all  satel- 
lite tasking  operations,  for  the  previous  year. 
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During  periods  when  national  security  or  international  obligations 
and/or  foreign  policies  may  be  compromised,  as  debited  by  ihe  Secretary  of 
Defense  or  the  Secretary  of  Stale,  respectively,  the  Secretary  of  Commerce 
may,  after  [2]  consultation  with  the  appropriate  agency(ies),  require  the 
Licensee  to  limit  data  collection  and/or  distribution  by  the  system  to  the 
extent  necessitated  by  the  given  situation.  During  those  periods  when,  and 
for  those  geographic  areas  that,  the  secretary  of  Commerce  has  required  the 
Licensee  to  limit  distribution,  the  Licensee  shall,  on  request,  make  the  unen- 
hanced data  thus  limited  from  the  system  available  exclusively,  by  means  of 
government  furnished  rekeyable  encryption  on  the  downlink,  to  the  U.S. 
Government.  The  costs  and  terms  associated  with  meeting  this  condition  will 
be  negotiated  directly  between  the  Licensee  and  DOD  (for  the  U.S. 
Government)  in  accordance  with  Section  507(d)  of  the  Act. 

The  Licensee  shall  ensure  that  all  encryption  devices  used  are  approved 
by  the  U.S.  Government  for  the  purpose  of  denying  unauthorized  access  to 
others  during  periods  when  national  security  or  international  obligations 
and/or  foreign  policies  may  be  compromised. 

The  Licensee  shall  use  a data  downlink  format  that  allows  the  U.S. 
Government  access  and  use  of  the  data  during  periods  when  national  securi- 
ty or  international  obligations  and/or  foreign  policies  may  be  compromised. 

The  Licensee  shall  provide  sufficient  documentation  to  the  U.S. 
Government  on  the  Licensee’s  downlink  data  format  to  assure  this  access. 

2.  Licensee  will  make  available  to  the  Government  of  any  country  (including 
the1  United  Slates)  unenhanced  data  concerning  the  territory  under  the  juris- 
diction of  such  Government  as  soon  as  such  data  are  available  and  on  rea- 
sonable* cost  terms  and  conditions. 

3.  Licensee  will  make  available  unenhanced  data  requested  by  the  National 
Satellite  Land  Remote  Sensing  Data  Archive  (the  Archive)  in  the  Department 
of  the  Interior  on  reasonable  cost  terms  as  agreed  by  the  Licensee  and  the 
Archive.  After  a reasonable  period  of  time,  as  agreed  with  the  Licensee,  the 
Archive  may  make  these  data  available*  to  the  public  at  a price  equivalent  to 
the*  cost  of  fulfilling  user  requests. 

Before*  purging  any  data  in  its  possession,  the  Licensee  shall  offer  such 
data  to  the  Archive  at  the  cost  of  reproduction  and  transmission.  The  Archive 
may  make  these  data  available  immediately  to  the  public:  at  a price  equivalent 
to  the  cost  of  fulfilling  user  requests. 

4.  Upon  termination  of  operations  under  license,  the  Licensee  will  dispose  of 
any  satellite  in  space  in  a manner  satisfactory  to  the  President.  To  meet  this 
condition  and  to  deal  with  any  circumstances  involving  [the]  satellite’s  end  of 
life/termination  of  mission,  the  Licensee  shall  obtain  priori  U.S. 
Government  approval  of  all  plans  and  procedures  to  deal  with  the  safe  dis- 
position of  the  satellite  (e.g.,  burn  on  reentry  or  controlled  deorbit). 

5.  Licensee  shall  not  change  the  operational  specifications  of  the  satellite  system 
from  the  application  as  submitted,  which  would  result  in  materially  different 
capabilities  than  those  described  in  the  application,  without  filing  an  amend- 
ment as  specified  in  paragraph  D.3  of  this  license. 

(>.  Licensee  shall  notify  the  National  Environmental  Satellite,  Data,  and 
Information  Service  (NESDIS)  of  any  significant  or  substantial  agreement  the 
Licensee  intends  to  enter  with  a foreign  nation,  entity,  or  consortium  involv- 
ing foreign  nations  or  entities  at  least  bO  days  before  concluding  such  agree- 
ment. Significant  or  substantial  agreements  include,  but  are  not  limited  to, 
agreements  which  would  provide  for  the  tasking  of  the  satellite  and  its  sensors. 
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provide  for  real-time  direct  access  to  unenhanced  data,  or  involve  high-volume 
data  purchase  agreements.  NESDIS,  in  consultation  with  the  appropriate 
agencies,  shall  review  the  proposed  agreement  to  ensure  that  it  is  consistent 
with  the  terms  and  conditions  of  this  license.  Specifically,  the  agreement  shall 
require  that  the  foreign  entity  will  abide  by  the  conditions  in  this  license 
addressing  national  security,  and  international  obligations  and  foreign  poli- 
cies. If  NESDIS,  in  consultation  with  appropriate  agencies,  determines  that  the 
proposed  agreement  will  compromise  national  security  concerns  or  interna- 
tional obligations  or  foreign  policy,  NESDIS  will  so  advise  the  Licensee. 

(;.  Enforcement  of  this  license  will  be  carried  out  in  accordance  with  section  208  of 
the  Act.  Any  civil  penalties  authorized  by  section  203(a)  (3)  will  be  assessed  in  accordance 
with  the  procedures  set  forth  in  Subparts  B and  C of  15  C.ER.  Part  904.  Such  civil  penal- 
ties may  be  assessed  in  amounts  up  to  $10,000  for  any  violation  of  the  Act  or  any  condi- 
tion of  this  license  with  each  day  of  violation  constituting  a separate  violation. 

(4 1 1).  Before  the  Licensee  may  take  any  of  the  following  actions,  NESDIS  must  grant  an 
amendment  to  the  license.  NESDIS  will  consult  with  the  appropriate  Federal  agencies  as 
required  by  the  Act  before  taking  final  action  on  the  amendment.  The*  Licensee  must 
promptly  file  all  relevant  information  with  NESDIS  if  the  Licensee  anticipates  the  occur- 
rence* of  any  of  the  following  conditions: 

1.  Assignment  or  transfer  of  the  license; 

2.  Any  c hange  in  ownership  of  the  Licensee  that  would  result  in  foreign  indi- 
viduals, entities,  or  consortia  having  an  aggregate*  interest  in  the  Licensee*  in 
excess  of  25  percent;  and 

3.  Any  change*  in  the*  orbital  characteristics,  performance  spec  ideations,  or  data 
collection  and  exploitation  capabilities  approved  above.  In  tbc*  case  of  an 
emergency  posing  an  imminent  and  substantial  threat  of  harm  to  human  life*, 
properly,  environment,  or  the  remote-sensing  space  system  itself,  Licensee 
shall  not  be*  required  to  obtain  such  amendment.  If  circumstances  permit, 
Licensee  shall  attempt  to  obtain  oral  approval  from  NESDIS  prior  to  making 
any  suc  h substantial  change. 

Sincerely, 

Robe*rl  S.  Winokur 

Assistant  Administrator  for 
Satellite  and  Information  Services 


Chapter  Three 

Space  as  an  Investment 
in  Economic  Growth 


by  Henry  R.  Hertzfeld 

Introduction 

The  research  and  development  investments  that  NASA  has  made  have  greatly  affect- 
ed the  economy  of  the  United  States  and  the  world.  New  industries  have  been  created. 
New  technologies  have  been  advanced  from  the  laboratory  to  the  marketplace  mote 
quickly  than  if  there  had  been  no  space  program.  Not  only  have  jobs  and  income  been 
created,  but  new  ways  of  viewing  the  world  now  exist  and  other  innovations  that  can  be 
traced  to  NASA  requirements  and  investments  have  improved  the  quality  of  life. 
Describing  these  advances  is  relatively  easy.  Measuring  them  is  difficult..  This  chapter 
describes  various  economic  methods  dial  have  been  applied  to  the  problem  of  the  mea- 
surement of  NASA  investments,  as  well  as  the  results  of  their  use.  It  shows  that  economists 
are  not  in  agreement  in  finding  a clear  and  best  approach  to  measurement.  It  is  also  clear 
that  no  one  measure  is  a comprehensive  indicator  of  NASA  impacts  and  benefits. 

This  chapter  also  tracks  two  other  issues.  The  first  is  the  political  and  social  need  for 
NASA  to  measure  its  impac  t on  the  economy.  From  the  beginning  of  the  Apollo  piogiam 
until  funding  started  to  decrease  in  the  late  1960s,  NASA  had  no  pressing  need  to  justify 
its  program  from  an  economic  perspective.  Falling  NASA  budgets  and  very  high  national 
visibility  greatly  increased  the  need  to  explain  to  Congress  and  the  public  the  usefulness 
of  the  space  program.  Also,  with  the  growing  budget  deficit  and  social  programs  of  the 
197()s  and  1980s,  NASA  had  to  compete  for  its  share  of  the  discretionary  budget  against 
many  other  national  priorities.  Finally,  with  the  end  of  the  Cold  War  in  the  late  1980s,  the 
space  race  with  the  Soviet  Union  was  over,  and  the  pressure  to  view  NASA  and  space  invest- 
ments from  the  perspective  of  a rate  of  return  to  the  nation  from  its  investments  bec  ame 
paramount. 

The  second  issue  reflects  an  overall  economic-related  push  within  the  United  States 
to  collec  t more  and  better  data  on  research  and  development  (R&D)  and  to  expand  the 
available  methodological  tools  in  economics  to  analyze  those  data.  It  is  no  coincidence 
that  this  trend  also  parallels  the  overall  growth  of  R&D  performed  in  large  laboratories 
and  institutions  across  the  United  States  following  World  War  II,  including  the  establish- 
ment of  the  National  Science  Foundation,  NASA,  and  the  Department  of  Energy  (which 
included  the*  Atomic  Energy  Commission),  as  well  as  the  very  steady  and  rapid  growth  of 
the  National  Institutes  of  Health.  Prior  to  World  War  II,  successful  government  programs 
in  technology  development  and  transfer  were  limited  to  the  Agricultural  Extension 
Servic  e and  NASA’s  predecessor,  the  National  Advisory  Committee  for  Aeronautics.  With 
the  great  expansion  of  R&D  programs  in  government,  there  was  an  emphasis  on  docu- 
menting and  measuring  results  to  develop  public  support,  convince  Congiess  to  continue 
and  expand  funding,  and  better  understand  the  role  of  R&D  and  technological  innova- 
tion in  society.  By  the  early  1990s,  as  described  below,  the  mandate  to  develop  perfor- 
mance measures  for  R&D  had  changed  from  a voluntary  and  ad  hoc  effort  to  one  that  is 
now  mandated  by  congressional  legislation. 
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NASA  Activities 

The  cumulative  investment  that  the  United  States  has  made  in  c ivilian  space  activities 
through  NASA  alone  has  been  more  than  $200  billion  over  a period  of  nearly  40  years.' 
.As  with  any  federal  expenditure,  each  year’s  budget  outlays  pump  money  into  the  econo- 
my, directly  create  jobs,  and  stimulate  additional  employment,  and  income  throughout  the 
nation.  Although  the  distribution  among  occupations  and  regions  may  differ  for  NASA- 
type  expenditures,  from  the  expenditures  on  new  roads,  housing,  or  welfare  payments, 
the  overall  multiplier  effects  are  similar.  Also,  if  any  of  the  programs  are  eliminated,  these 
employment  and  income  effects  are  eliminated. 

What  makes  NASA  and  other  R&D  investments  different  is  that  they  also  stimulate  the 
productive  capacity  of  the  economy  through  the  development  and  introduction  of  new 
technology.  New  technology  can  make  existing  production  methods  more  efficient,  and  it 
can  also  create  new  products  and  services  that  not  only  stimulate  new  markets,  industries, 
and  opportunities,  but  can  also  improve  the  way  people  do  things  and  the  overall  quality 
of  life.  These  benefits  and  impacts  on  the  economy  are  not  immediate — it  may  take  years 
or  decades  for  an  idea  to  be  transformed  into  a marketable  product  or  service.  Thus,  the 
benefits  from  R&D  investments  in  space  are  more  difficult  to  measure  and  more  unpre- 
dictable than  the  short-term  benefits  that  accrue  from  the  immediate  jobs  and  income 
created  by  direct  federal  spending. 

The  measurement  difficulties  center  around  the  unpredictable  ways  that  technology 
is  transferred  and  the  problems  inherent  in  tracing  the  progression  of  ideas  and  experi- 
ments into  consumer  products  whose  sales  contribute  to  the  gross  domestic  product.  This 
process,  even  when  the  route  to  the  marketplace  is  fast,  may  take  years.  For  some  f unda- 
mental research,  the  process  may  take  decades.  The  process  of  technology  transfer  will 
include  false  leads,  dead  ends,  and  even  products  that  are  technical  successes,  but  fail  in 
the  marketplace.  However,  it  also  may  generate  major  commercial  successes.  In  many 
cases,  the  R&D  stage  represents  only  a small  fraction  of  the  monetary  investment  nec  es- 
sary for  bringing  a product  or  service  to  the  market.  Also  necessary  for  economic  success 
are  large-scale  manufacturing  technology,  marketing  efforts,  advertising,  product  support, 
and  so  forth.  Many  government-developed  technologies  that  are  highly  useful  for  their 
design  objective  in  fulfilling  a government  mission  need  a large  amount  of  additional  R&D 
to  make  them  optimal  for  commercial  markets.  Tracing  over  time  the  many  paths  of  tech- 
nology development  and  transfer  and  placing  a value  on  the  returns  to  the  NASA  R&D 
component  of  these  innovations  continue  to  he  challenges  to  the  economic  community. 

Certain  “big”  technologies  for  which  NASA  has  been  responsible  and  those  that  have 
been  greatly  stimulated  through  the  space  agency’s  programs  have  made  their  way  into 
product  and  service  markets  with  virtually  no  active  government  technology  transfer  pro- 
gram. Examples  of  these  technologies  are  communications  satellites,  the  miniaturization 
of  electronic  components,  large  management  computer  software  applications,  and 
advanced  composite  materials.  Historically,  industry  has  performed  about  two-thirds  of 
NASA  R&I)  under  contract  arrangements.  Therefore,  when  a technolog)'  is  developed 
that  is  basically  a better  or  more  efficient  way  of  serving  a proven  and  existing  market, 
industry  is  already  actively  involved,  knowledgeable,  and  often  willing  to  commit  l he  nec- 
essary funds  to  modify  the  government  product  or  service  for  the  commercial  market.  Of 
course,  as  time  elapses,  new  consumer  demands  may  emerge  and  grow  from  the  original 
space-related  technology.  The  rapid  growth  of  new  satellite  telecommunications  products 
and  services  of  fers  an  excellent  example. 


1. 


If  this  were  translated  to  constant  1W7  dollars,  the  investment  would  he  more  than  $450  billion. 
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However,  discerning  the  economic  impact  of  “little”  technologies  is  another  matter. 
Since  NASA  lias  been  committed  to  increasing  its  impact  on  the  economy  through  an 
aggressive  technology  transfer  program,  that  program  has  primarily  focused  on  funding 
demonstration  projects  that  attempt  to  take  ideas  generated  within  NASA  (or  its  contrac- 
tors) and  moving  them  toward  usable  end  products.  Although  there  have  been  some  suc- 
cesses in  this  process,  the  technology  transfer  program  has  generated  criticism  over  the 
years.  NASA  lias  been  keenly  aware  of  the  vulnerability  of  the  program  as  well  as  the 
importance  of  measuring  its  success  through  case  studies  and  more  aggiegated  metiics. 
In  many  ways,  the  agency  has  gained  political  support  through  the  anecdotal  accounts  of 
useful  products  developed  through  the  technology  transfer  process.  These  examples,  par- 
ticularly in  the  biomedical  area,  have  provided  a grounding  for  space  technology'  that  is 
understandable  to  Congress  and  the  general  population  in  human  terms. 

The  focus  of  this  chapter  is  twofold.  First,  it  traces  the  history  of  macroeconomic  mea- 
sures of  NASA’s  impact  on  the  economy  from  both  policy  and  economic  methodology  per- 
spectives. Second,  it  discusses  the  efforts  to  develop  measures  of  specific  technology  transfer 
activities.  Together,  these  two  trends  are  related  to  overall  political  and  social  forces  that 
have  influenced  NASA’s  budget  and  the  public's  perception  of  space  activities.  This  chap- 
ter does  not  review  the  short-term  impact  analyses  or  the  impacts  of  the  “big”  technologies 
on  the  economy  because  these*  issues  are  well  documented  in  other  liteiature. 

Measuring  NASA’s  Impact  on  the  Economy 

Thr  ee  distinct  approaches  have  been  used  to  quantify  the  economic  impacts  of  space 
R M): 

• An  adaptation  of  a macroeconomic  production  function  model  estimates  impacts  of 
technological  change  attributed  to  R&D  spending  on  the  “gross  domestic  product  and 
derivative  measures  such  as  employment  and  earnings.  The  results  of  using  this  type  of 
model  can  he  expressed  as  a rate  of  return  to  a given  investment  or  as  a total  value. 

• A microeconomic  model  evaluates  the  returns  to  specific  technologies  through  the 
use  of  benefit-cost  ratios.  Benefits  derived  from  these  studies  are  rarely  additive  to 
aggregate  benefits  across  different  technologies  because  of  technical  incompatibilities 
in  data  collection  and  economic  assumptions  underlying  the  models. 

• An  examination  of  data  provides  evidence  of  the  direct  transfer  of  technology  from 
federal  space  R&D  programs  to  the  private  sector.  The  results  of  these  analyses  tend 
to  he  reported  in  actual  numbers  measured  (number  of  patents  or  inventions,  value 
of  royalties,  value  of  sales,  and  so  on).  They  are  rarely  compared  to  associated  gov- 
ernment expenditures  because  of  the  difficulty  of  linking  specific  funding  to  specific 
products  or  patents. 

Until  tlu*  vet  v late  1960s,  NASA  did  not  have  to  worry  much  about  defending  its  bud- 
get During  the  earlv  years  of  the  Apollo  era  (which  ran  from  1961  to  1972)  the  United 
States  was  in  the  most  heated  part  of  the  Cold  War  and  had  made  a commitment  to  get  a 
human  on  the  Moon  before  the  Soviet  Union.  The  expense  was  almost  secondary,  and 
NASA  was  provided  with  a budget  large  enough  to  perform  the  job.  At  the  same  time,  the 
United  States  had  an  overall  budget  surplus.  This  was  before  the  impact  of  the  expenses 


•2.  The  short-term  .lire.  I nnp.n  l of  federal  expenditures  is  a lopi.  that  is  thoroughly  discussed  in  any 
elementary  economic s textbook.  Reference  will  tie  made  in  this  essay  to  studies  that  haw  focused  on  the  special 
distribution  til' NASA  short-term  employment  and  income  effects. 
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of  the  Vietnam  War  were  well  understood  and  before  the  large  soc  ial  welfare  programs 
passed  by  Congress  during  the  administration  of  Lyndon  Johnson  attained  rapid  growth. 
I bis  was  also  before  the  very  high  inflationary  period  of  the  1970s  and  early  1980s,  which 
propelled  the  federal  government  into  a deficit  and  made  the  interest  payments  on  the 
national  debt  one  of  the  largest  single  components  of  the  federal  budget,  dwarfing  even 
the  defense  budget. 

Kill lv  studies  commissioned  by  NASA  show  that  the  space  agency  was  not  unaware*  of 
the  implications  of  its  spending  on  the  economy.  However,  those  impacts  were  secondary 
to  NASA's  primary  mission  of  space  exploration.  A 1965  study  by  Jack  Faucett  Associates 
found  that  NASA’s  socioeconomic  activities  were  “separate,  uncoordinated,  and  almost 
incidental.”  The  Faucett  study  recommended  that  NASA  create  a headquarters  staff  devot- 
ed to  collecting  economic  data  and  coordinating  various  economic  activities  throughout 
the  agency.  These  recommendations  were  ignored;  to  this  day,  the  agency  still  addresses 
economic  policy  on  an  ad  hoc  and  uncoordinated  basis.  [ 1 1 1- 1 J 

f he  goal  of  stimulating  economic  growth  through  NASA  technology  was  very  much  a 
side  issue*  to  the  space  agency  during  the  1960s  and  1970s.  For  example,  a 1968  NASA  pub- 
lication listing  goals  and  objectives  for  the  next  decades  in  space  does  not  mention  eco- 
nomic giowth  at  all,  but  only  refers  in  passing  to  the*  facilitation  of  communications  and 
navigation  as  an  afterthought  to  developing  space*  capabilitie*s  for  managing  the*  Earth’s 
resources.1 

During  the  1960s,  one  of  the  important  goals  of  NASA  was  to  stimulate  science  and 
engineering  at  the  universities.  NASA  sponsored  soc  ial  science  and  economic  studies  dur- 
ing this  era,  which  were  oriented  primarily  toward  defining  and  identifying  the  impact  of 
NASA  expenditures  on  partic  ular  regions.  One  study,  performed  at  the*  University  of 
Pc  nnsyhania  in  its  Regional  Science  Department,  was  an  input-output  economic'  analysis 
of  the  Philadelphia  economy  that  developed  measures  of  NASA  expenditures  on  the* 
Philadelphia  region.’  There  is  no  evidence  that  the  results  of  this  study  were  ever  used  by- 
NASA  to  publicize  the  local  benefits,  nor  is  there  any  evidence  that  the  results  directly 
influenced  NASA  policy.  The  primary  purpose  and  benefit  of  this  study  were  to  support 
univeisity  iesearch  activities  and  to  advance  knowledge  in  regional  economic  measure- 
ment techniques.  NASA  also  sponsored  another  input-output  study  by  William  Miernvk  of 
West  Virginia  University  during  this  era.  On  and  Jones  of  Indiana  University  performed 
an  industrial  breakdown  of  NASA  expenditures  to  measure*  national  impacts.'’ Again,  these 
were  primarily  academic  theory-building  studies  that  were  not  sponsored  by  policy-mak- 
ing offices  at  NASA,  nor  were  the  results  extensively  used  by  the  spac  e agency  in  support 
of  its  programs. 

In  19/4,  Mai y Holman  of  George  Washington  University  published  a comprehensive 
review  of  the  ways  in  which  NASA  had  an  impact  on  the  economy,  based  on  her  research 
at  the  agency  during  the  late*  1960s.'  According  to  the*  preface  in  the  book,  this  researc  h 
was  initiated  by  concerns  that  NASA  s associate*  administrator  for  manned  spaceflight, 
George  Mueller,  had  about  possible  future  “serious  problems  and  distortions  in  several 


*'•  Spiu  t-  Task  Group,  The  Post-Apollo  Space  fSogmm:  Directions  for  the  Future,  September  published 

Document  IH-25  in  John  M.  Logsdon,  gen,  ed..  with  Linda  J.  Lear.  Jannelle  Warren -Find lev,  Rav  A.  Williamson, 
and  Dwayne  A.  Day,  Exploring  the  l rn  known:  Selected  Documents  in  the  History  of  the  L'.S.  Civil  Space  ftogmm.  Volume  /, 
Organizing' for  Exploration  (Washington.  DC:  NASA  Special  Publication  (Spj-4407,  I W5) . 1:522-43. 

4.  See  Waller  Isard,  Regional  Input-Output  Study:  Recollections . Reflections , and  Diverse  Notes  on  the 
Philadelphia  Exfierience  (C iam bridge,  MA:  MIT  Press,  1(171). 


a.  William  IL  Miernvk,  Impart  of  the  Spare  Program  on  a Loral  Economy:  An  Input-Output  Analysis 
( ! Morgan h mil,  WV:  West  Virginia  University  Press,  I()(i7). 

I I).  On  and  1).  Jones,  An  Industrial  Breakdown  * >1  NASA  Kxpendiuires,’’  November 
Documentary  I lislory  Collection,  Spat  e Polit  y Institute,  George  Washington  University.  Washington,  DC. 

7.  M.A.  Holman,  The  Political  Economy  of  the  Space  Program  (Palo  Alto,  CA:  Pacific  Books,  1(17*1). 
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sectors  of  the  economy  as  a result  of  a probable  peak  in  spending  for  the  Manned  Space 
Flight  Program  at  that  time.”  This  book  also  includes  a comprehensive  bibliography  of 
studies  and  books  addressing  (lie  impacts  of  space  and  other  federal  programs  dm  mg  t te 
19(>0s  and  earlier. 

The  Stanford  Research  Institute  looked  at  economic  impacts  of  the  space  progiant  in 
1'KiK.  Although  this  report  recognized  the  developing  literature  in  the  economics  of  Kill) 
and  new  technology  development,  its  emphasis  was  on  the  local  and  regional  impacts  on 
areas  surrounding  NASA  field  centers.  These  impacts  fell  generally  mto  the  category  ol 
short-term  direct  spending  effects  on  per-capita  income,  construction,  and  so  on,  not  on 

the  lasting  impacts  of  the  new  technologies  created.  [III-2I  . ...  , . 

By  1<)7<)  the  NASA  budget  had  fallen  bv  nearly  one-third  from  its  19h5-19ho  peak.  A 
new  era  had’  arrived  lor  NASA— one  that  meant  a constant  battle  with  Congress  and  the 
White  House  for  money,  programs,  and  new  directions.  Thus,  it  is  no  coincidence  that 
NASA  commissioned  the  first  comprehensive  economic  analysis  of  its  impact  on  the  entil  e 
national  economy  at  that  time.  The  study  was  meant  to  be  used  as  a lobbying  and  public 
relations  tool  for  the  agency.  NASA  officials  hoped  that  the  results  of  the  study  would  show 
very  robust  impacts  on  the  economy,  proving  the  benefits  from  the  investment  in  space. 

'A  Midwest  Research  Center  report  in  1971  accomplished  its  purpose  m two  ways. 

1 HI-81'  f irst  using  an  aggregate  production  function,  it  showed  large  long-run  economic 
returns  to  R&l).  Second,  it  documented  a number  of  case  studies  of  successful  examples 
of  NASA  technology  being  used  for  commercial  purposes.”  It  used  a fairly  new  economic 
methodology  developed  by  Robert  Solow  of  MIT  (who  later  received  a Nobel  1 ri/.e  lot  his 
work  on  the  economic  impacts  of  technological  change)  and  showed  that  there  was  a 
seven-to-one  ratio  of  long-term  economic  benefits  to  expenditures."'  This  methodology 
and  its  application  to  NASA  (a  small  subset  of  all  R&I)  expenditures)  were  sharply  t i in- 
cized on  both  technical  grounds  and  the  interpretation  of  the  data.  While  the  calculation 
of  a “bottom  line”  number  provided  NASA  with  some  extra  ammunition  for  its  budget  bat- 
tles in  the  long  term,  how  successful  this  line  of  argument  was  m Congress  is  vet  v debat- 
able. NASA  has  always  been  funded  because  of  the  merit  of  its  missions.  However,  Un- 
economic data  added  “window  dressing”  to  the  project  mission  requirements  and  made 
the  funding  decisions  for  the  new  programs  of  the  1970s  and  beyond  easier  to  sell. 

Following  the  1971  Midwest  Research  Institute  study,  NASA  commissioned  several 
additional  major  macroeconomic  studies  of  its  R&D.  The  space  agency  lured  Chase 
F conometrics  in  197fi  to  conduct  a macroeconomic  simulation  analysis.  | II 1-4 1 Chase 
F, -one, metrics  performed  a follow-on  study  in  1980.  [III-5]  Then  in  1988.  the  Midwest 
Research  Institute,  under  contract  to  the  National  Academy  of  Public  Administration,  pel  - 
formed  an  analysis  that  essentially  replicated  its  1971  study  with  updated  data  and  econo- 
metric techniques.  [III-6]  . ....... 

Although  each  of  these  four  studies  differed  in  tune,  technique,  and  reliability,  they  had 
much  in  common.  Kadi  was  a rudimentary  attempt  to  measure  the  overall  returns  to  NASA 
in  terms  of  national  economic  measures:  gross  national  product,  employment,  and  produc- 
tivity. Kach  (with  the  exception  of  the  Chase  follow-on)  calculated  rates  of  return  to  NASA 
that  were  between  seven-to-one  and  fourteen-to-one  (which  translated  into  discounted 
returns  on  investment  between  SO  and  48  percent).  Also,  each  attempted  to  look  at  the  last- 
ing impact  on  the  economy  through  technological  changes  that  increased  productivity. 


K.  [Mease  note  that  (lie  documents  sn|)|«)i ling  this  essay  do  not  appear  m chronologic at  oidei  >n 
ralhr,  in  the  order  in  which  they  support  the  complex  subject  addressed  in  the  essay. 

<1  M;im  ni  the  r ise  studies  were  taken  1mm  the  aeronautics  R&l)  program. 

10.  Robert  M “Technical  Change  and  Hie  Aggregate  Production  Function.  hn-in,<  «/  hommm  s 

anti  Statist'" s'M  (August  Ml. 
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These  studies  had  their  critics.  The  most  pointed  one  was  the  report  of  the  General 
(GAO)’  wllkh  examined  the  Chase  Kc  onometi  ic  s study  of  1976 
II1I-/J  1 he  (.AO  analysis  was  sympathetic  to  the  idea  that  NASA  had  generated  techno- 
logical returns,  hut  it  did  not  accept  the  Chase  study  metrics,  nor  did  ihe  GAO  reviewers 
view  the  methodology  of  the  Chase  study  as  valid.  They  were  probably  correct  because  the 
(-ha.se  follow-cm  study  of  1980  could  not  replicate  the  results  of  the  1976  studv.  There  were 
a number  ol  technic  al  economic  reasons  for  the  lack  of  confidence  in  the  Chase  results 
I erhaps  the  most  telling  reason  was  the  belief  by  Chase  that  NASA  needed  to  have  “good” 
results  from  the  study.  Thus,  Chase  ran  about  sixty  different  simulations  of  the  economy 
under  different  assumptions  and  chose  the  best  results  to  present  in  the  report  " The 
study  did  result  m good  public  relations  and  press  releases,  but  it  was  not  well  received  by 
the  professional  economics  community.  Despite  the  critics’  assessments,  the  results 
became  benchmark  figures  that  have  been  quoted  lime  and  again  in  speeches  by  NASA 
othcials  and  m various  testimony  and  publications. 

During  the  mid-1970s,  NASA  also  commissioned  studies  to  attempt  to  develop  mea- 
sures of  the  aggregate  benefits  from  specific  successful  tec  hnologies  that  the  agenc  y had 
supported.  These  studies  were  funded  by  the  NASA  headquarters  office  responsible  for 
technology  utilization  and  transfer,  and  they  applied  a case  study  approach  to  measuring 
benefits.  By  focusing  on  successful  innovations,  the  selection  of  technologies  was  not  ran- 
dom, nor  did  it  adequately  measure  overall  benefits  to  NASA.1-  These  studies  had  the 
advantage  of  using  more  standard  economic  tools  and  of  identifying  concrete  cases  rather 
than  abstrac  t measures  of  gross  domestic  product.  They  were,  in  short,  more  easily  under- 
stood than  the  macroeconomic  approaches  used  by  the  Midwest  Research  Institute  and 
vmasc  hconometrics. 

In  1972,  the  Denver  Research  Institute  studied  NASA  contributions  to  spec  ific  fields 
of  technology.  III-8]  It  found  that  the  major  significance  of  NASA  contributions  was  in 
causing  technology  advances  in  those  fields  to  occur  at  an  earlier  time  than  they  would 
have  without  NASA  funding  and  support,  that  more  than  one-half  of  the  technologies 
weie  employed  in  the  aerospace  and  defense  sectors,  at.d  that  the  technologies  had  only 
a moderate  economic  impact  and  relatively  low  scientific  and  social  impacts.  There  was 
wide  variation  in  the  quantitative  estimates  from  technology  field  to  field.  The  study  was 
based  on  interviews  with  the  NASA  engineers  and  scientists  responsible  for  the  innova- 
tions. Although  the  methodology  was  subjective  and  the  sample  biased  because  the  data 
were  collected  from  NASA  officials,  the  general  policy  results  are  consistent  with  later 
studies  that  used  more  sophisticated  methodologies. 

In  1976,  a study  performed  by  Mathematics  analyzed  the  contribution  of  NASA  to 
u-cl,»«>l<»git's  and  found  nearly  $7  billion  of  economic  impacts.  [ 111-91  The 
billion  was  more  than  the  NASA  budget  of  1976,  and  the-  results  of  this  study  were  used 
m connection  with  the  Chase  and  Midwest  Research  Institute  results  to  suggest  the  lever- 
age that  NASA  funds  have  on  the  economy.  This  study  focused  on  gas  turbines,  cryogen- 
ics, integrated  c ircuits,  and  NASTRAN  (a  software  program).  The  primary  NASA  benefits 
measured  were  the  “speedup"  of  bringing  these  tec  hnologies  into  the  marketplace,  not 


1 . Dlls  conclusion  was  related  to  the  author  in  a conversation  with  Michael  Kvans.  president  ol  C hase 

.<  onomeli  it  s.  several  years  after  die  study  was  completed.  Il  is  hacked  up  In  the  research  results  ol  die  lost)  |„|. 

noiT  ell  !'  ''  " ’ T"  ‘ ' T'11'  "«•  —Its  f<»  '"<>  reasons:  ( I ) the  calculat,, I the  actual  variables  was 

at  n I ”V 7 , 7 U "T  ".'"I  VallU  S assi«"‘  d ««  <“  "'>■  wtriahles  couhl  no.  he  veri- 

, , ,"  T ,0,S  S '0'V,'!V  ! ,h<'  murns  *°  NASA  sigtot-K  an.lv  difleren.  from  zero.  The 

^::';:dm;:::;, hv  ,lu' v<,y  s,,,a"  < « >»■■>*<••  ■><  «■*•  «*» 
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tlu*  developme  nt  of  the  technologies  themselves.  Because  this  was  a study  of  four  cases 
and  used  tlu*  more  traditional  consumer  surplus  theory  of  microeconomics,  die  results 
were  more  readily  accepted  by  the  economics  community  than  the  results  of  the  macro- 
economic  studies  of  that  era. 

During  the  1980s,  NASA  economic  impact  and  benefit  studies  took  on  the  additional 
role  of  creating  the  climate  for  large,  new  NASA  programs,  such  as  tlu*  space  station,  not 
of  simply  justifying  the  overall  budget.  The  combination  of  the  maturity  of  the  space  activ- 
ities and  the-  national  budget  deficit  began  to  change  the  way  the  nation  viewed  the  space 
program.  Beyond  the*  space  race  with  the  Soviet  Union,  it  became  apparent  that  practical 
use  s of  space  and  the*  role  of  the  economic  growth  and  benefits  that  space  could  provide 
were*  logical  reasons  for  the*  government  to  invest  in  space*  and  provide  additional  infra- 
structure and  incentives  for  future  business  and  the  commercial  development  of  space*. 
Also,  by  the*  late*  1980s  and  the  1990s,  with  the  end  of  the  Cold  War,  economic  benefits 
became  one*  of  the  more  important  justifications  for  a continued  U.S.  presence  in  space, 
at  le*ast  from  the*  civilian  perspec  tive.  However,  the  evidence  of  economic  benefits  as  mea- 
sured by  the  existing  studies  wits  still  relatively  weak. 

To  build  politic  al  support  for  the  space  station,  several  studies  were  performed  to  ana- 
lyze its  expenditure's  by  industry  and  state.1'  The  NASA  Alumni  League*  sponsored  a study 
iu  1983  that  analyzed  expenditures  by  standard  economic  industrial  categories  and  by 
state.  This  study  also  attempted  to  measure  the*  indirect  (or  multiplier)  benefits  by  indus- 
try and  state*,  ft  did  not  address  the*  more  interesting  and  more  challenging  task  of  mea- 
suring technological  or  productivity  benefits.  [Ill-lOj 

Major  contractors  also  supported  the  space  station  with  economic  benefits  analyses. 
Rockwell  ( ommissioned  flic*  WKFA  Group  (a  merge*!  between  WKFA  and  Chase 
Kc  onometrics  had  occurred)  to  perform  a macroeconomic  simulation  of  space*  station 
expenditures.  |III-1I|  This  was  a more  sophisticated  attempt  at  measuring  multiplicT 
effects  throughout  tlu*  national  economy,  but  it  also  did  not  take*  the*  further  steps  to  ana- 
lyze the*  productivity  or  technological  c hanges  that  might  be  expected  to  occur  with  the 
space  station  R&D  program. 

The  most  recent  study  of  economic  benefits  that  looked  at  technology  change  and 
national  growth  stimulated  by  NASA  was  performed  by  the  Midwe  st  Research  Institute* 
(see  Document  III-O  above)  through  the*  National  Academy  of  Public  Administration 
under  contract  to  NASA.  This  study  repeated  the  methodology  of  the*  1971  study  and  was 
conducted  by  the*  same*  researchers.  It  used  updated  econometric  methods  and  more  than 
fifteen  additional  years  of  data.  The  results  were  remarkably  similar  to  the  earlier  study. 
They  measured  a nine-to-one  rate  of  return  to  NASA  R&D  programs.  This  finding  held  up 
under  Midwest  Research  Institute’s  sensitivity  analysis.  The*  institute  also  looked  at  ease 
studies  on  a more*  qualitative  basis.  However,  NASA  never  officially  released  the  study, 
because  the  methodology  used  was  still  subject  to  many  technical  economic  qualifications.1'' 


1*1.  Internally,  NASA  procurement  office  reports  even  generated  con  tracts  and  expenditures  listed  In 
voting  distric  ts  as  a method  of  influent  mg  congressmen  and  senators  of  the  importance  of  NASA  on  their  con- 
stituents. However,  no  specific  economic  multipliers  or  analyses  were  performed  internally  to  augment  the  raw 
procurement  numbers. 

I t.  An  October  5,  I'J88,  internal  NASA  memorandum  from  Jim  Bain  to  NASA  Associate*  Administrator 
Willis  Shapley,  whic  h commented  on  the  Midwest  Research  Institute  study,  documented  the  reservations  of  in- 
house  economists  as  well  as  some  members  of  the  National  Academy  of  Public  Administration's  (NAPA)  adviso- 
ry pane/  concerning  the*  results  of  the  study.  The*  memo  stated:  ‘The  NAPA  Advisory  Panel  letter  to  the  NASA 
Administrator  endorses  the  conclusion  of  positive  R&D  impacts  on  the  economy,  hut  does  not  reference 
endorsement  of  (lie  study's  conclusions  on  the*  magnitude  of  this  impac  t.  Discussions  with  individual  members 
of  the  Advisory  Panel  have  indicated  that  this  was  not  an  oversight,  hut  the  direct  result  of  the  unwillingne  ss  of 
some  members  to  publicly  endorse  those  numbers." 
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A detailed  accounting  of  the  difficulties  of  measuring  macroeconomic  benefits  to  NASA 
R&D  is  beyond  the  scope  of  this  essay.1' 

Briefly,  however,  there  were  several  major  problems  with  these  studies.  First,  the  use 
of  the  production  function  approach  implied  that  technological  change  is  a function  of 
R&D  expenditures.  In  the  usual  statistical  method  of  regression  analysis,  only  an  associa- 
tion between  these  parameters  is  measured;  causation  is  not  proven.  Second,  the  macro- 
economic  studies  (particularly  tin*  ones  performed  in  the  early  to  mid-1970s)  had  only 
about  fifteen  years  of’ data  with  which  to  work.  This  skewed  the  results;  the  particular  time 
span  may  have  been  measuring  coincidental  returns,  because  it  was  a time  of  expansion- 
ary economic  growth  in  the  United  States  that  had  little  to  do  with  the  space  program. 
The  dramatic  peak  of  NASA  spending  during  the  Apollo  years  was  a one-time  surge  in  the 
long-run  trend  of  NASA’s  space  expenditures.  It  has  never  been  repeated.  Third,  although 
NASA  R&D  reached  as  much  as  one-third  of  all  federal  R&D  in  1965  (one-fourth  of  all 
U.S.  R&D),  R&D  in  total  comprised  only  1.9  percent  of  the  gross  national  product.  The 
statistical  errors  (“noise”)  in  macroeconomic  measures  such  as  the  gross  national  product 
was  huger  than  NASA  R&l).  In  other  words,  the  studies  associate  large  impacts  on  gross 
national  product  from  a relatively  small  component  of  the  product.  This  relationship  is 
extremely  difficult  to  validate  statistically,  given  the  general  accuracy  problems  with  the 
national  income  data  themselves.  Finally,  according  to  the  accounting  practices  of  the  gov- 
ernment during  those  years,  there  is  no  such  thing  as  a government  investment.  All  gov- 
ernment expenditures  are  treated  as  outlays  in  the  year  spent.  There  is  no  imputed  rate 
of  return  to  the  government  expenditures  and  no  government  capital  account. Hi 

Therefore,  the  process  of  calculating  and  equating  a rate  of  return  to  NASA  (or  any 
other  government)  expenditures  with  a rate  of  return  to  an  equivalent  private  investment 
in  a venture  with  high  levels  of  risk  is  not  act  urate.  Although  there  may  well  be  robust 
returns  to  NASA  R&D,  using  the  type  of  methodology  and  statistics  available  when  these 
studies  were  performed  was  much  more  of  an  exercise  in  doing  research  and  experimenta- 
tion on  economic  methodology  than  it  was  in  measuring  the  benefits  to  NASA’s  programs. 

National  Policy,  Commercial  Space,  and  Economic  Impacts 

Economic  growth  and  development  and  international  competitiveness  are  goals  of 
national  policy.  This  is  reflected  in  legislative  and  executive  branch  objectives  as  outlined 
in  various  laws  and  policy  directives.  The  direct  investment  in  space  R&D  and  technology 
is  one  means  to  stimulate  the  economy  of  the  United  States. 

The  National  Aeronautics  and  Space  Act  of  195817  calls  for  NASA  to  be  a leader  in 
technological  development.  In  addition  to  NASA’s  charter  for  space  and  aeronautics  activ- 
ities, in  the  mid-1970s  Congress  added  provisions  chartering  NASA  to  support  R&D  in 
civilian  ground  propulsion  (including  advanced  automobile)  systems.'*  The  NASA  budget 


15.  A good  description  of  the  technical  economic  methodology  and  its  use  in  measuring  ihe  benefits  of 
NASA  R&D  can  he  Idund  in  ‘‘Measuring  (he  Economic  Returns  to  Spate,"  in  ].  Greenberg,  and  M.  Hert/leld,  edi- 
tors, Spare Enmomies  (Washington,  D(  AIAA  Progress  Series  #11,  1992) . Another  perspective  on  government  stud- 
ies of  k&l)  benefits  ean  be  lound  in  P.  Rocha nowsky  and  H.  llcrl/feld,  “Often  Overlooked  Factors  in  Measuring 
the  Rate  of' Return  to  Government  R&l)  Expenditures,”  ! V/n  Analysis  7 (Spring  1981  ):  I f>— 27.  Also,  anv  standard 
textbook  on  public  finance  will  include  a detailed  description  of  the  problems  with  benefit-cost  analyses. 

If).  These  practices  have  changed  recently.  The  government  now  has  begun  to  estimate  a capital 
account,  and  special  attempts  are  being  made  to  more  accurately  measure  R&l)  expenditures  iu  the  national 
income  accounts. 

17.  National  Aeronautics  and  Space  Act  of  1958,  Public  Law  85-568,  72  Stat.  426. 

18.  Subsection  102(e)  was  added  by  the  Electric  and  Hybrid  Vehicle  Research,  Development,  and 
Demonstration  Act  ol  1976,  Public  I .a  w 99— 1 1 S,  September  17,  1 976,  sect  it  in  15  (90  Slat.  1270). Also,  Subsection  102(f) 
was  added  bv  the  Department  of  Energy  Art  of  1978 — Civilian  Applications,  Public  I aw  95-2S8,  February  25.  1978. 
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during  these  years  was  comparatively  low,  and  this  was  one  method  to  employ  NASA  engi- 
neers in  meeting  the  national  need  of  developing  more  fuel-efficient  energy'  systems  as  a 
result  of  the  OPKC  oil  crises.  It  was  also  an  example  of  one  of  the  first  direct  links  of  NASA 
programs  to  civilian  economic  issues. 

Other  references  to  national  economic  growth  policies  began  to  become  apparent  in 
official  space  directives.  In  the  Reagan  administration’s  1988  presidential  directive  on 
space*  policy,  an  entire  section  is  devoted  to  commercial  space  sector  guidelines,  which 
outlined  a number  of  government  actions  aimed  directly  at  stimulating  private-sector 
activity  in  space.  1 111-12]  This  was  followed  by  the  Bush  administration’s  1991  U.S. 
Commerc  ial  Space  Policy  Guidelines,  which  explicitly  recognized  the  fast-growing  com- 
mercial space  sector  and  expanded  government  initiatives  to  encourage  the  space  sector’s 
growth.  1111-18) 

Finally,  the*  most  comprehensive  statement  of  national  commerc  ial  space  policy  is 
found  in  the*  Clinton  administration  s 1996  presidential  space  direc  tive,  which  propels 
spac  e ac  tivities  directly  into  the*  mainstream  of  national  economic  polic  y and  internation- 
al competitiveness  issues.  1 111-14]  Two  of  the  five  goals  listed  in  the  introduction  to  this 
policy  specifically  mention  both  economic  competitiveness  and  the  stimulation  of  noil- 
federal  investment  in  spac  e*.  The  document  also  includes  a list  of  guidelines  aimed  at 
enhancing  commercial  space.  ’The  significance  of  this  document  is  the  extent  of  coverage* 
of  commercial  issues  surrounding  space  activities.  It  is  indicative  of  the*  matmity  of  the 
satellite  communications  industry  coupled  with  the  many  industry  proposals  to  develop 
commercial  space  systems.  Prior  presidential  directive's  on  space  issues  have  evolved  from 
barely  addressing  any  commercial  issues  to  those  of  the  late  1980s  and  early  1990s,  which 
initiated  government  studies  and  actions  aimed  at  stimulating  an  emerging  potential  for 
the*  industrial  use  of  space. 

Kconomic  forecasts  have  long  played  a part  in  NASA  plans  for  commercial  space. 
Some  of  the  earliest  were  the  projections  of  the  demand  for  communications  satellites, 
which  was  tin*  major  driver  of  the  demand  lor  expendable  launch  vehicles  (and  Space 
Shuttle  flights  before  the  Challmgrr accident).  NASA  was  the  owner  and  operator  of  these 
vehicles  before  the  push  to  transfer  expendable  launch  vehicles  to  the  private  sector,  and 
the  agency  nee  ded  such  forecasts  for  planning  and  budgeting  purposes.  In  addition,  the 
Space  Shuttle  was  designed  to  launch  commercial  and  industrial  payloads  as  well  as  to  per- 
form NASA  missions  in  space.  Therefore,  forecasts  of  potential  users  of  the  Spat  e Shuttle 
vehicle  provided  information  to  NASA  management  that  was  important  for  developing  a 
mission  model,  manifest,  and  pricing  algorithm. 

An  example  of  the  use  of  projections  was  the  1988  forecast  of  a $60  billion  commei- 
t ial  space  market  fifteen  years  hence  (2000)  performed  by  the  Center  for  Space  Policy. 
This  projection  received  a large  amount  of  publicity  and  helped  set  the  stage  for  the  polit- 
ical and  industrial  support  of  the  International  Space  Station.1’'  However,  any  projection 
of  economic  markets  many  years  in  the  future  is  so  prone  to  error  that  economists  and 
industry  planners  discount  any  such  projections  as  premature  and  wishful  thinking.  In 
fact,  the  Center  for  Space  Policy  forecast  was  revised  in  1984  with  more  industrial  and  eco- 
nomic detail,  and  it  was  presented  as  a range  of  possible  markets  in  contrast  to  their  con- 
troversial prior  forecast.  I II I- 1 5 ] Nevertheless,  as  with  the  earlier  macroeconomic  benefit 
studies,  these  and  other  projections  of  vast  new  markets  had  significant  political  impact 
and  were  influential  in  both  stimulating  new  government  initiatives  in  industrial  space 
activities  and  in  providing  an  underlying  rationale  for  new  big  space  programs  such  as  the 
International  Spate  Station. 


19.  Xna  York  Times,  June  21.  1988,  Sec  tion  X p l 
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A 1977  study  by  the  Hudson  Institute  that  did  not  receive  a lot  of  publicity,  but  was 
extremely  interesting  and  well  balanced,  made  100-year  projections  of  space  activities. 
The  analysis  provided  a number  of  different  scenarios  ranging  from  space  being  domi- 
nated by  military  activities  to  space  being  an  instrument  of  a “green”  society.  In  each  of 
the  scenarios,  the  economic  activities,  costs,  and  benefits  of  space  were  major  factors.  The 
projections  were  based  on  a combination  of  economic  growth  and  technology  forecasting, 
superimposed  on  different  assumptions  concerning  overall  future  societal  and  political 
perspectives.  This  is  one  of  the  first  studies  sponsored  by  NASA  that  gave  equal  weight  to 
economic  as  well  as  technological  trends  and  changes.  The  authors  recognized  that  the 
purpose  of  the  study  was  to  provide  NASA  with  both  qualitative  projections  of  the  future 
for  planning  and  public  relations  purposes  and  very  broad  guidelines  to  answering  critics’ 
questions  about  the  value  and  long-term  use  of  space.  [III-16] 

In  the  early  1980s,  NASA  embarked  on  a number  of  efforts  to  find  new  and  better 
ways  to  commercialize  space.  NASA  officials  commissioned  a task  to  review  the  agency's 
options.  The  Office  of  General  Counsel  prepared  an  in-depth  legal  and  policy  paper 
detailing  the  options  available  to  NASA  for  stimulating  commercial  investments  and 
opportunities.  [III-17]  The  final  series  of  reports  of  the  task  force  was  instrumental  in 
establishing  a headquarters  office  responsible  for  all  commercial  activities,  ranging  from 
technology  transfer  functions  to  direct  support  of  R&D  and  joint  projects  with  industry 
that  had  prospects  of  developing  commercial  space  manufacturing  activities.  This  office, 
as  with  most  prior  ef  forts  to  stimulate  commercial  uses  of  space,  had  some  near-term  suc- 
cess, but  it  failed  to  generate  long-term  changes  in  the  operations  or  goals  of  the  agency. 
The  office  (but  not  the  commercialization  functions)  met  with  the  fate  of  all  prior  NASA 
economics-oriented  program  offices;  it  was  slowly  dismantled  in  the  early  1990s. 

There  were  many  reasons  various  internal  NASA  attempts  at  establishing  and  making 
economic  analysis  and  economic  stimulation  programs  were  unsuccessful.  Primarily, 
NASA  is  an  agency  managed  and  staffed  by  engineers  and  sc  ientists.  Historically,  NASA 
officials  and  program  managers  have  been  recognized  and  rewarded  by  developing  suc- 
cessful scientific  or  engineering  programs.  Gost  management  and  economic  stimulation 
were  seen  as  important,  but  were  not  the  yardsticks  for  promotion.  Even  though  NASA’s 
top  management  recognized  the  need  and  the  potential  for  NASA  to  be  an  important  ele- 
ment in  economic  policy  for  the  United  Stales,  the  message  was  not  adequately  transmit- 
ted to  the  program  offices.  The  transition  to  a more  business-like  approach  to  space  has 
been  slow,  but  the  trend,  as  evidenced  in  both  legislative  and  presidential  directives  as  well 
as  NASA’s  own  planning  documents,  is  unmistakably  toward  emphasizing  economic 
objectives  as  well  as  technological  advances.*1 

In  addition,  during  the  1983-1984  time  period,  the  Reagan  administration  took  a 
proac  tive  stand  on  encouraging  private-sector  involvement  in  space.  There  had  been  a 
number  of  successful  Space  Shuttle  flights,  and  experiments  in  materials  processing  in 
microgravity  were  beginning  to  show  the  promise  of  future  business  opportunities.  In 
August  1983,  business  leaders  and  top-level  exec  utive  branch  officials  attended  a meeting 
on  space  commercialization  and  had  lunch  with  President  Reagan.  [III-18]  By  April  1984, 
a memorandum  from  Craig  Fuller  on  commercial  space  initiatives  had  been  prepared  by 
industry  representatives  that  began  a dialogue  on  the  various  incentives  and  changes  In  gov- 
ernment activities  and  regulations  that  might  be  necessary  to  encourage  more  industrial 
participation  in  space.  (III-19]  An  interagency  working  group  was  established  under  the 
Cabinet  Council  on  Commerce  and  Trade  to  begin  work  on  these  commercialization  issues. 


20.  The  motto,  "Taster,  cheaper,  better,"  which  is  the  byline-  of  Daniel  S.  Goldin's  term  as  NASA 
Administrator,  is  indicative  of  this  new  culture  being  instilled  within  NASA. 
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International  economic  competition  in  space  activities  has  developed  as  foreign 
nations  have  invested  in  space  and  used  space  and  related  technological  R&D  to  stimulate 
their  own  industrial  activities.  Unlike  the  United  Stales,  one  of  the  major  reasons  for 
European  nations  and  many  other  nations  of  the  world  to  invest  in  space  has  been  an  eco- 
nomic motivation."'  Because  of  the  different  altitudes  of  the  United  States  and  the  rest  of 
the  world  concerning  government  subsidization  of  industrial  development,  a number  of 
questions  are  f requently  raised  concerning  the  fair  pricing  of  space  products  on  the  inter- 
national market.  The  subject  of  international  economic  trade  and  competition  in  space 
goods  and  services  is  too  large  and  complex  a topic  to  address  in  detail  in  this  essay. 

NASA  has  made  many  attempts  to  encourage  commercial  uses  of  space."  Beginning 
in  the  late  1970s,  and  through  the  period  of  the  development  of  the  Space  Shuttle  and 
now  the  International  Space  Station,  the  government  lias  commissioned  space  commer- 
cialization studies,  given  free  access  to  microgravity  facilities  in  space  for  R&D  projects 
from  universities,  nonprofit  institutions,  and  for-profit  companies,  and  made  personnel 
and  terrestrial  facilities  available  for  testing.  NASA  officials  have  always  hoped  that  com- 
mercial customers  for  the  Shuttle,  Space  Station,  and  other  space  platforms  will  both  pro- 
vide the  agency  with  revenue  and  the  resources  to  encourage  still  more  R&D  and  will  also, 
in  the  longer  run,  provide  the  nation  with  large  economic  and  social  benefits. 

One  example  of  this  type  of  stimulation  of  manufacturing  in  space  is  the  production 
of  new  chemicals  and  drugs.  Anticipating  the  operational  phase  of  the  Shuttle,  NASA 
commissioned  several  studies  of  the  feasibility  of  commercial  space  manufacturing.  [IH- 
20,  1 1 1-21,  II 1-22]  These  studies  looked  in  detail  at  the  many  possible  markets  and  oppor- 
tunities that  could  be  present  for  R&D  in  microgravity  and  eventual  commercial  products. 
The  studies  were  comprehensive  and  included  both  a detailed  technology  assessment  and 
a sample  business  plan  with  expected  markets,  development  times,  and  potential  rales  of 
return.  They  assumed,  of  course,  that  space  transportation  and  facilities  would  be  avail- 
able on  a scheduled  basis  and  would  be  competitively  priced."'  The  study  performed  by 
McDonnell-Douglas  in  1978,  under  contract  to  NASA’s  Marshall  Space  Flight  Center,  is 
particularly  interesting.  It  outlines  in  great  detail  the  potential  tec  hnologies  that  could 
produce  different  types  of  new  drugs  in  space,  and  it  shows  that  a portfolio  of  such  drugs 
could  serve  many  markets  and  possibly  be  profitable.  (111-28] 


21.  Sec,  for  example,  the  Convention  for  the  Establishment  of  a European  Space  Agency 
(CSE.C1)(7S)  19.  rev.  7,  Paris,  May  SO,  1975).  Artic  le  VII  (I)  (b)  states:  “The  industrial  policy  which  the  Agency 
is  to  elaborate  and  apply  by  virtue  of  Article  II  (d)  shall  be  designed  in  particular  to:  . . . b)  improve  the  world- 
wide competitiveness  of  European  industry  by  maintaining  and  developing  space  technology  and  by  encourag- 
ing the  rationalisation  and  development  of  art  industrial  .structure  appropriate  to  market  requirements,  making 
use  in  the  fu  st  place  of  the  existing  industrial  potential  of  all  Member  States.” 

22.  As  mentioned  in  the  introduction,  this  essay  does  not  describe  the  “big”  space  commercial  tech- 
nologies. The  communications  satellite  industry  is  the  most  obvious  and  most  successful  of  all  space*  ventures  to 
date.  Other  examples  include  the*  global  positioning  system  (a  military  space  system)  that  has  revolutionized 
land  positioning  systems,  composite  materials,  and  software  management  systems.  These  technologies  are  char- 
acterized by  being  new  ways  of  providing  services  to  existing  markets.  Only  after  the  e xisting  markets  are  satis- 
fied and  revenue  streams  are  large,  do  the  firms  then  innovate  with  new  types  of  servic  es  and  produc  ts  that 
require  significant  market  development.  Most  of  the  examples  of  both  commercial  space  manufacturing  and 
technology  transfer  discussed  in  the  body  of  this  essay  are  new  goods  and  services  that  have  no  currently  defined 
marke  t.  The  risks  of  a new  produc  t coupled  with  the  high  risks  of  using  spac  e itself  have  not  yet  generated  great 
commercial  interest  in  space  manufacturing.  Therefore,  the  government  has  seen  a role  for  itself  in  encourag- 
ing tfic*  “infant  industry”  of  space  manufac  turing. 

23.  Most  of  these  analyses  also  assumed  that  the-  Space  Shuttle*  would  he  flying,  according  to  early  plans, 
se  ven  ot  biters,  twenty  to  thirty  flights  per  year,  and  so  forth.  This  type  of  ready  access  did  not  materialize  with 
the  Shuttle  program,  and  access  to  spate*  today  is  limited  to  expendable  launch  vehicles  for  most  commercial 
payloads. 
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McDonnell  Douglas  teamed  with  the  pharmaceutical  firm  Johnson  and  Johnson 
(Ortho  Division)  in  the  early  1980s  to  build  a spate  version  of  an  electrophoresis  instru- 
ment to  conduct  the  R&D  necessary  to  manufacture  new  drugs  (the  Electrophoresis 
Operations  in  Space  (EOS)  Program).  NASA  provided  the  Shuttle  for  testing  the  machine 
without  charge,  and  it  proved  to  be  successful  in  separating  chemicals  and  drugs  in  micro- 
gravity that  could  not  easily  be  separated  on  Earth.  An  early,  and  perhaps  overly  optimistic, 
letter  from  John  F.  Yardley,  president  of  McDonnell  Douglas  Astronautics  Company,  to 
NASA  Administrator  James  M.  Beggs  testified  to  the  success  of  these  experiments  and 
predicted  commercial  production  in  space  by  1987.-'  [III-24]  A 1988  McDonnell  Douglas 
briefing  details  some  of  the  commercial  possibilities  on  which  companies  hoped  to  capi- 
talize. | III-25] 

Two  major  factors  led  to  the  end  of  the  EOS  Program.  First,  the  Challenger  accident  in 
198b  halted  all  flights  on  the  Space  Shuttle,  and  this  eventually  led  to  a national  policy  that 
eliminated  most  commercial  payloads  from  the  Shuttle.  It  also  dramatically  illustrated  that 
space  was  a very  risky  place  to  do  business.  Access  could  be  delayed  or  denied  suddenly. 
These  risks  were  greater  than  most  normal  terrestrial  business  risks.  Not  only  were  ongo- 
ing commercial  programs  halted,  but  the  accident  also  put  a long-term  damper  on  com- 
panies considering  new  space  business  ventures  (particularly  those  that  depended  on 
bringing  back  material  from  space). 

The  second  factor  is  the  unpredictable  nature  of  innovation  and  new  technolog- 
ical developments.  The  drug  industry  in  the  United  States  was  undergoing  change  itself. 
Genetic  engineering  and  a burgeoning  biochemical  industry  were  busy  developing  new 
drugs  through  new  terrestrial  methods.  Also,  some  of  those  breakthroughs  were  in  drugs 
that  would  directly  compete  with  the  ones  with  which  McDonnell  Douglas  was  working  in 
space.  Even  though  the  space  experiments  in  electrophoresis  were  extremely  successful, 
other,  less  risky  terrestrial  methods  to  meet  similar  markets  ended  the  private  partnership 
to  produce  drugs  in  space.  A little  recognized  spinoff  benefit  from  this  experiment  was  a 
significant  improvement  in  the  electrophoresis  process  on  Earth. 

The  Centers  for  Commercial  Development  of  Space  programs  of  the  1990s  was  anoth- 
er attempt  to  stimulate  private  operations  in  space.  [III-26]  Through  seed  money  to  uni- 
versities, NASA  hoped  to  generate  university-industry  partnerships  in  space-related  R&I) 
leading  to  commercial  operations. 

Similar  efforts  by  NASA  to  find  commercial  uses  of  space  were  undertaken  for  the 
International  Space  Station  program  as  well  as  for  remote  sensing  and  other  applications 
of  space  hardware  and  technology.  To  date,  there  are  many  proposals  and  ideas,  but  space 
manufacturing  is  still  a tantalizing  future  business  activity  for  industry.  Perhaps  after  the 
International  Space  Station  is  operating,  and  transportation  to  and  from  space  is  cheaper 
and  more  reliable,  a number  of  the  possible  business  ideas  for  space  manufacturing  will 
materialize. 


The  Stimulation  of  Technology  Transfer 

One  of  the  most  historically  successful  technology  transfer  programs  of  the  U.S.  gov- 
ernment has  been  the  stimulation  and  development  of  aeronautics. ,f'  From  1915  to  1958, 
the  agency  directly  responsible  for  R&l)  in  aeronautics  was  the  National  Advisory 


21.  This  letter  was  also  a direct  positive  and  reinforcing  response  to  the  August  T 1PK5,  luncheon  at  the 
White  House  with  industrial  leaders  and  President  Reagan.  Yardley  had  attended  the  luncheon. 

25.  The  stimulation  of  aeronautics  as  an  infant  industry  in  the  early  pari  of  this  century  involved  not 
only  the  NACA,  but  also  many  other  government  activities,  ranging  from  weather  foret  asting  (aviation  safety)  to 
the  postal  service  (creating  a market  for  air  c argo  through  mail  delivery  contracts). 
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Committee  for  Aeronautics  (NACA).  Founded  in  1915,  il  was  the  predecessor  agency  to 
NASA.  Although  space  activities  involve  more  than  90  percent  of  the  NASA  budget,  aero- 
nautics R&I)  is  still  a very  important  activity  for  the  agency.  The  NACA  was  organized  so 
that  industry  and  government  personnel  involved  with  aircraft  worked  together,  in  both 
directing  the  R&I)  program  and  making  government  facilities  such  as  wind  tunnels  avail- 
able to  industry. 

NASA  inherited  this  tradition  of  creating  technology'  transfer  opportunities.  I iowever, 
it  has  discovered  that  transferring  space  technology-  to  the  civilian  set  tor  is  dif  ferent  and 
moo  difficult  than  aeionautics  technology.  Aeronautics  began  as  an  infant  industry  serv- 
ing the  militai  y and  civilian  government  (post  office)  sectors.  A civilian  consumer  market 
for  passenger  and  cargo  transportation  grew  rapidly.  In  contrast,  space  applications  have 
yet  to  develop  and  c apture  a robust  civilian  market  (outside  of  communications  satellites) 
and  have  evolved  over  time  as  government  programs  carrie  d out  by  aerospace  contractors. 
Unlike  aeronautics,  finding  ready  markets  in  nonaerospace  applications  for  the  results  of 
R&i)  has  been  difficult. 

I he*  1958  Space*  Act  recognizes,  in  a general  way,  the  importance  of  the  United  States 
be  ing  a leadet  in  technology.**’  I his  law  also  gives  direction  to  NASA  to  disseminate  infor- 
mation to  the  widest  possible  audience.*'  These  sections  of  the  law  do  not  directly  charter 
a technology  transfer  activity.  Hie  first  section  refers  primarily  to  the  Cold  War  technolo- 
gy rate  with  the  Soviet  Union.  The  second  was  meant  for  the  civilian  effort  to  make  wide- 
ly available  the  data  obtained  from  space  for  scientific  and  research  uses.  However,  taken 
together,  NASA  has  also  used  this  legislative  mandate  to  create,  maintain,  and  expand  its 
activities  in  moving  technology  from  the  NASA  (and  industry  contractor)  laboratories  to 
benefit  society. 

An  internal  NASA  study  in  1969  recognizes  that  in  the  post-Apollo  era,  there  was  an 
impoi  taut  iole  for  NASA  to  play  in  transferring  its  know-how  and  expertise*  to  nonspace 
activities.  The  report  recommended  the  establishment  of  a NASA  office  to  coordinate 
efforts  to  transfer  technology  from  NASA  to  other  civil  systems.  There  was  little*  mention 
of  industrial  or  commercial  benefits  from  these  proposed  transfer  activities.  The*  empha- 
sis was  instead  on  supporting  the*  social  issues  the  nation  faced,  such  as  the*  design  of  new 
communities,  the  development  of  Earth  resources  survey  systems,  the  application  of  tec  h- 
nology- to  highway  safety  and  traf  fic  control,  crime  control,  educational  television  systems, 
and  so  forth.  [111-27] 

I lie*  earliest  NASA  technology  utilization  and  transfer  programs  did  focus  on  the  use 
of  NASA  management  skills  and  technological  know-how  in  other  government  (both 
national  and  state  and  local)  applications.  With  the  exception  of  the  patent  waiver  pro- 
gram, there  was  a reluctance  to  directly  involve*  industry  in  the  programs  because  of  the 
appearance  of  subsidies  to  particular  firms. M Therefore,  the  majority  of  programs  and  pro- 
jects of  the  technology  transfer  office  focused  on  two  areas:  the  dissemination  of  infor- 
mation and  publications  describing  NASA  advances  in  technology  and  the  direct 
involvement  in  continued  R&I)  on  technologies  that  could  he  used  to  help  solve  specific 
social  problems. 

A 1971  evaluation  of  tin*  NASA  technology  transfer  information  dissemination  pro- 
gram com  hided  that  the  program  had  not  been  very  successful/ L"'  Specifically,  the  study 


26.  National  Aeronautics  and  Spate  Ac  t of  1958. 

27.  Ibid. 

28.  Each  year.  NASA  patenter!  between  150  and  200  inventions,  originating  from  both  in-house  R&D 
and  contrac  t researc  h.  Upon  applic  ation  and  review  by  NASA,  some  patents'  waivers  we  re  issued  to  individuals 
and  to  firms  to  permit  them  to  develop  inventions  into  commercial  products. 

29.  SI  Doc  lots,  I hr  XASA  lirhnnlog y Imusfn  Program,  an  Evaluation  of  the  Dissemination  Sy  stem  (New  York: 
Praeger  Publishers,  1971). 
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found  that  information  dissemination  concerning  new  inventions  and  innovations  was 
not  an  effective  way  to  encourage  industry  to  use  the  information.  More  direct  methods, 
such  as  interpersonal  contacts,  were  found  to  be  superior  ways  to  tiansfet  technology  I lu 
recommendations  of  the  study  centered  around  having  more  interactive  exchanges 
between  NASA  and  its  regional  development  centers  and  giving  the  centers  a longer  time 
frame  and  more  money  to  develop  and  focus  the  target  technologies  to  their  civilian  uses. 

There  have  been  a number  of  attempts  to  measure  the  benefits  of  the  transfer  activi- 
ties. As  with  the  macroeconomic  measures  discussed  earlier,  the  studies  date  from  the  mid- 
1970s,  coinciding  with  the  overall  decline  of  NASA  budget  allocations.  The  most  visible  set 
of  documents  produced  by  the  office  of  technology  transfer  has  been  the  annual  Spinoff 
publication.'0  The  reports Of  many  different  applications  of  teclmolog)  give  the  impres- 
sion that  the  payoff  from  space  investments  has  been  very  large.  Indeed,  it  may  have  been. 

I lowever,  most  of  the  reported  technological  successes  in  Spinoff  are  either  demonstration 
projects  (that  is,  not  fully  commercialized)  or  are  public-sector  uses  of  space  technolog). 
lhiblic-sector  applications  may  well  have  large  social  value,  but  that  is  not  quite  the  same 
as  a measure  of  productivity  increases  from  privately  produced  and  sold  goods  and  ser- 
vices.11 The  benefits  that  accrue  to  commercial  firms  are  also  more  easily  measured,  and 
in  theory,  some  of  the  costs  of  the  transfer  activities  of  the  government  may  be  recouped 
through  royalties  and  through  eventual  tax  payments  from  the  piofits  of  tin  films. 

Studies  of  technology  transfer  activities  in  the  mid-1970s  were  conducted  for  the  same 
reasons  as  the  macroeconomic  analyses.  NASA  had  a need  to  justify  its  budget  by  showing 
that  there  were  more  and  longer  term  benefits  than  successful  space  missions.  Agency  offi- 
cials were  trying  to  answer  the  political  questions  raised  by  statements  such  as:  uIt  s fine  to 
walk  on  the  Moon,  but  what  have  you  done  that  improves  the  everyday  life  of  the  average 
American  citizen?”  The  technology'  transfer  studies  were  designed  to  provide  concrete 
cases  that  illustrated  advances  sue  h as  heart  pacemakers  and  other  medic  al  instrumenta- 
tion, new  materials  such  as  anti-fog  glasses,  and  new  construction  and  building  tec  hniques. 

In  1977,  two  studies  were  performed  that  attempted  measures  of  these  cases  of  tech- 
nology transfer  that  could  be  traced  to  the  specific  efforts  of  the  agency.  One  was  the 
Denver  Research  Institute  study  of  the  NASA  Tech  Brief  program.  This  study  analyzed  the 
users  of  the  information  publications  that  NASA  produced  that  were  made  available  to 
industry  in  the  hope  that  technology  developed  by  NASA  would  be  adapted  and  extend- 
ed by  private  firms.  The  results  showed  that  there  were  few  new  products  or  commercial 
sale's  from  these  technologies,  but  that  the  information  was  particularly  helpful  to  indus- 
try in  improving  the  production  process.  (III-28] 

Although  the  thinking  in  government  was  that  this  Tree”  information  would  be  very 
valuable*,  the  governnumt  overlooked  three  important  factors,  fit  si,  industry  had  to  in\c  st 
time  and  people  to  search  for  the  information,  which  had  a significant  cost.  Second,  the 
published  information  was  available  to  anybody,  and  there  were*  no  property  rights  that 
could  be  claimed  by  industry  in  the  innovation,  therefore  making  it  risky  to  invest  addi- 
tional development  funds  in  the  technology'.  Third,  very  often  government  tec  hnologies 


:i().  Kvrry  year  since  1*170,  this  publication  lias  been  distributed  by  NASA.  It  is  a glossy  paper  report  that 
describes  successful  technology  applications  that  have  been  fostered  by  NASA  program  offices  and/or  the  office 
responsible  for  rechnologv  transfer.  The  discussion  is  descriptive  in  nature,  and  in  some  ways,  the  reporl  looks 
like  a cor  porate  animal  report,  without  the  financial  statements. 

:W.  One  reason  that  the  emphasis  has  been  on  public-sector  benefits  is  that,  until  recently.  NASA  was 
reluctant  to  locus  its  transfer  efforts  on  private  companies  1>ecause  of  the  possibility  of  the  allegation  of  an  unfair 
competitive  subsidy  to  one  company  or  industry  over  another.  In  more  recent  years.  NASA  (and  die  government 
in  general)  lias  been  more  aggressive  in  helping  firms  and  industries  directly.  One  way  this  has  hern  accom- 
plished is  through  competitive  awards  and  joint  ventures  with  firms. 
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are  not  sufficiently  optimized  for  the  marked,  and  a large  financial  commitment  must  be 
made  to  further  develop  and  market  the  technology.  Combined,  it  is  not  surprising  that 
studies  showed  a relatively  low  economic  return  to  the  information  publications. 

The  second  study  released  in  1977  was  done  by  MathTech  (a  successor  company  to 
Mathematical).  This  study  looked  at  a number  of  successful  technologies  that  the  NASA 
technology  transfer  office  had  encouraged  with  additional  R&l)  funds  and  personnel. 
(III-29|  Technologies  such  as  an  improved  firefighter’s  breathing  apparatus  and  zinc  paint 
coatings  were*  analyzed  from  an  economic  benefits  perspective.  Benefit-cost  ratios  were  cal- 
culated and  in  some*  cases  were  quite  high.  The  major  problem  with  those  results  is  not 
that  there  were*  no  significant  benefits  (there  were),  but  that  the  cost  figures  were  artifi- 
cially low  because  they  were  primarily  the  costs  of  transferring  the'  technology,  not  the  costs 
involved  with  initially  developing  the  technology.  The  selection  of  only  a few  successful 
cases  ignores  other  transfers  that  were*  not  successf  ul  and,  again,  tends  to  overstate  the  ben- 
efit-cost ratios.  Nonetheless,  an  argument  can  be  made*  that  without  the  efforts  of  the* 
added  value*  contributed  by  the*  technology  transfer  process,  cither  there  would  have*  been 
no  benefits  from  these  NASA  innovations  or  the  benefits  would  have  come  much  later. 

The  Chapman  study  of  1989  is  interesting  because  it  selected  300  technologies  men- 
tioned in  Spinoff,  and  researchers  performed  interviews  with  the  companies  to  attempt  to 
measure  the  cumulative  benefits.  They  found  that  the  benefits  may  have  been  as  large  as 
$21  billion  (spread  over  twenty  years).  However,  the  report  did  not  attempt  to  calculate 
the  costs  associated  with  the  development  and  transfer  of  those  technologies,  nor  did  it 
determine  when  or  if  those  technologies  might  have  been  forthcoming  from  the  firms 
without  NASA  involvement.  In  addition,  it  did  not  attempt  to  separate*  the  NASA  invest- 
ment or  stimulation  of  the*  products  from  prior  and  future  company  investments.  In 
essence,  this  report  is  a comprehensive  update  of  the  earlier  studies  that  documented  spe- 
cific cases  of  technologies  moving  from  NASA  to  industry.  1 1 1 1-30 1 

Another  aspect  of  technology  transfer  was  the  realization  in  the  early  1970s  that  the 
United  State  s is  unique  among  nations  in  the  world  in  its  openness  concerning  R&l) 
results  from  civilian  (unclassified)  government-sponsored  work.  During  the*  early  years  of 
the*  Nixon  administration,  an  effort  was  made  to  provide*  U.S.  government  technology  and 
information  to  U.S.  firms  first.  Recognizing  that  under  the  then-current  operating  prac- 
tice's and  laws  of  the  nation,  the  United  States  could  not  easily  restric  t information  from 
foreign  nations  and  firms,  a program  named  FFDD  (For  Fat  ly  Domestic  Distribution)  was 
initialed.  NASA  participated  in  this  program  and  made  an  attempt  to  gel  information  to 
U.S.  industry  before  it  was  openly  published.  However,  no  formal  evaluation  was  ever 
made  of  the  program,  and  a NASA  white  paper  in  1978  essentially  concluded  that  it  was 
impossible*  to  enforce  this  policy.  [ 1 1 1-3 1 1 

The  NASA  technology  transfer  office  also  invested  considerable*  funds  in  activities 
aimed  at  education  and  at  encouraging  new  users  for  space  data  and  products.  To  support 
these  transfer  programs,  the*  office  also  sponsored  economic  studies  that  focused  on  spe- 
cific program  benefits.  For  example,  there  were  a number  of  analyses  performed  in  the 
mid-1970s  on  the*  benefits  that  might  he  attributed  to  having  improved  information  from 
the*  Tandsat  series  of  remote-sensing  satellites/"  Because  wheat  is  traded  on  the  futures 
market  and  ihe  prices  are  highly  volatile  depending  on  the  size  of  the  worldwide  c rops, 


M2.  See.  lot  example,  K(!()N,  Inc.,  l.nmomic  benefits  of  Improved  Information  on  Wnrhhmde  Croft  hodmtion. 
Report  7li-243-l,  November  15,  197b.  A theoretical  report  on  which  the  t.( X )N  studies  were  based  was  published 
by  1).  Brad  lord  and  H.  Kelejian,  7 hr  Value  of  Information  for  (Wop  Core  east  tug  with  Hayesian  Speeulutors:  I henry  and 
I.mfintal  Results.  1971,  Documentary  History  ( iollertion.  Space  Polity  Institute,  Cleoige  Washington  l niversitv, 
Washington,  IX  i. 
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having  better  information  about  future  yields  is  having  information  with  a significant  eco- 
nomic value.  The  extent  that  remote-sensing  satellites  can  help  provide  that  information 
and  the  subsequent  influence  that  the  information  has  on  the  futures  market  can  be  mea- 
sured in  terms  of  reducing  the  speculative  swings  on  the  market. 

Recognizing  that  the  NASA  efforts  to  transfer  technology  have  had  a very  uneven  and 
often  uncoordinated  history,  NASA  established  an  internal  task  force  in  1992  to  study  the 
problems  and  recommend  changes.  The  final  task  force  report  had  a series  of  recom- 
mendations to  improve  the  system.  These  recommendations  also  included  the  develop- 
ment of  measures  to  evaluate  the  performance  of  the  components  of  the  transfer  process. 

| III-321  h is  interesting  to  note  that  these  findings  and  recommendations  are  not  very' dif- 
ferent in  thrust  f rom  those  of  the  Doctors  study  of  1971 The  process  of  technology'  trans- 
fer and  information  dissemination  still  took  too  much  time.  Paperwork  and  other  formal 
efforts  remained  cumbersome  and  slow.  The  money  allocated  to  the  program  was  insuffi- 
cient. There  was  a lack  of  good  data  and  feedback  on  many  of  the  programs  between 
NASA  and  industry,  universities,  and  nonprofit  organizations  that  use  the  technology 
transfer-generated  information  and  facilities,  and  NASA  employees  generally  did  not  get 
recognized  for  their  efforts  in  fostering  technology  transfer. 

The  technology  transfer  programs  at  NASA  are  not  unique  in  their  frustrations  and 
problems  in  implementing  more  effective  programs.  Other  agencies  face  similar  issues. 
There  has  been  a general  recognition  of  these  problems,  and  Congress  has  passed  a num- 
ber of  acts  to  help  force  the  agencies  to  address  the  measurement  and  management  of 
technology.  One  of  the  most  important  of  these  acts  is  the  Government  Performance  and 
Results  Act,  which  requires  government  agencies  to  develop  new  performance  measures.1' 
It  is  a clear  signal  from  Congress  that  measuring  economic  activities  and  impacts  is  an 
important  effort,  not  only  to  manage  the  programs  better,  but  also  to  help  justify  contin- 
ued government  financial  support  of  the  programs.  All  R&D  agencies  are  struggling  with 
finding  appropriate  measures,  and  NASA  is  no  exception. 

Summary 

Economics  and  commercial/industrial  activities  have  never  been  the  top  priority  of 
NASA  space  programs.  NASA  is  an  R&D  agency,  dedicated  to  advancing  science  and  tech- 
nolog)'. That  is  its  history  and  its  culture.  NASA’s  aeronautics  activities  have  a very  differ- 
ent history  and  a different  relationship  to  industry  than  space  activities,  but  they  were 
never  able  to  become  models  for  the  space  side  of  NASA.  The  documents  included  in  this 
chapter  amply  reflect  the  push  and  pull  of  economics.  The  push  is  to  attempt  to  find  uses 
of  the  innovative  space  technology  in  consumer  applications.  The  pull  is  that  if  a robust 
set  of  market-driven  uses  for  space  can  be  developed,  there  will  be  a continued  demand 
for  resources,  both  public  and  private,  to  accelerate  future  space  programs. 

Various  economic  studies  and  forecasts  have  whetted  the  appetites  of  the  public  that 
there  may  actually  be  robust  commercial  uses  of  space  that  have  been  promised  and  that 
space  spinoffs  are  very  beneficial  today.  However,  without  the  development  of  truly  ongo- 
ing, profitable,  and  publicly  visible  commercial  space  ventures,  the  studies  and  projet  lions 
will  fall  short  of  being  convincing. 

As  space  technology  matures  and  as  innovative  products  and  services  are  developed 
using  space  technology,  commercial  and  market  developments  will  materialize.  There  are 


Xy  Doctors,  .Y.A.SA  Ttrhmdogs  Iransjn  Progmtn.  However,  because  the  technology  transfer  program  has 
( hanged,  the  specific  recommendations  are  quite  different. 

X\.  (invent men t Performance  and  Results  Ac  t,  Public  I,aw  l03-f>2,  August  3,  199,‘A. 
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still  many  hurdles  for  the  spare  industry  to  overcome,  hut  the  tide  is  moving  toward  the 
stimulation  of  new  space  markets.  I’he  burden  will  have  to  shill  from  government-spon- 
sored studies  and  analyses  to  business-sponsored  proposals.  In  addition,  these  will  have  to 
reach  beyond  serving  government  markets  and  needs  to  serving  the  needs  ol  the  con- 

S",1K|n  summary,  the  trends  in  government-led  economic  studies,  technology  transfer 
activities,  and  other  stimuli  toward  business  and  market-driven  space  activities  reflet  tec 
the  political  needs  of  the  times  and  the  developing  maturity  ol  the  spate  industry. 
Government  will  provide  the  infrastructure  and  will  use  space  for  its  own  civilian  and  secu- 
rity needs.  The  point  is  fast  approaching  when  commercial  space  activities  will  eithei  be 
able  to  develop  and  compete  on  a price  basis  or  they  will  not  materialize.  I be  govei  nment 
can  provide  incentives,  as  it  has  in  the  past,  but  performing  studies  anti  pumping  funds 
into  marginal  economic  projects  will  have  diminishing  results. 
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Document  title:  Jack  G.  Faucett,  President,  Jack 
Shapley,  Associate  Deputy  Administrator,  NASA, 
omitted. 


Faucett  Associates,  Inc.,  to  Willis  H. 
November  22,  1965,  with  attachment 


Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

The  report  that  was  attached  to  this  tetter  to  NASA  is  one  of  the  first  comprehensive  nimlyses  of  the 
role  economics  could  (day  in  NASA  management  decisions.  It  points  out  that  most  of  NASA  s eco- 
nomic analyses , policies; and  decisions  are  done  on  an  ad  hoc  basis,  without  lop  management  coor- 
dination. By  196 5,  with  the  Apollo  program  in  full  swing  and  NASA  funding  reaching  its  all-time 
high  the  importance  of  economics  as  well  as  technology  began  to  become  evident  to  hASA  manage- 
ment. The  report  concludes  that  an  office  for  economics  at  NASA  Headquarters  be  established  to  cooi- 
dinate  NASA  economic  policy.  George  Wright  was  an  assistant  to  Willis  Shapley. 


November  22,  1965 


Mr.  Willis  H.  Shapley 
Associate  Deputy  Administrator 
National  Aeronautics  and  Space 
Administration 
Washington,  D.C.  20546 


Attention:  Mr.  George  W.  Wright 


Dear  Mr.  Shapley: 

The  attached  report,  “A  Preliminary  Survey  of  Socio-Economic  Capabilities  for 
Meeting  NASA’s  Future  Policy  and  Program  Analysis  Requirements,”  represents  the  com- 
pletion of  NASA  Contract  NASW  1 33 1 , authorized  by  you  on  September  1 1,  1 

As  we  see  it,  the  study’s  princ  ipal  usefulness  to  you  is  three-fold:  (1)  it  identifies  and 
describes  the  principal  data  collections,  reports,  and  studies  relevant  to  economic  analy- 
sis in  the  NASA  Headquarters;  (2)  it  pinpoints  the  chief  means  by  which  your  central  stall 
capabilities  can  he  improved  for  purposes  of  socio-economic  analysis;  and  (A)  it  recom- 
mends a general  course  of  ac  tion  which,  by  pulling  together  the  now  largely  uncoordi- 
nated activities,  should  serve  to  bring  socio-economic  analysts  more  effectively  to  beat  cm 
NASA’s  policy  planning  and  dec  ision  processes. 
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A woid  of  elaboration  on  point  (3)  is  in  order.  It  is  not  surprising  to  find  that  NASA's 
socio-economic  activities  are  at  this  stage  separate,  uncoordinated,  and  almost  incidental 
activities.  Until  now  the  highest  national  priority  on  NASA  has  been  that  of  creating  a 
large  technical  organization  and  getting  on  with  the  task  of  moving  the  nation  toward  the 
position  o!  pre-eminence  in  space.  Most  of  NASA’s  socio-economic  studies  are  now  car- 
ried out  on  an  ad  Aw  basis  by  technical  offices  under  the  Associate  Administrator.  In  each 
of  these  specialized  staffs,  the  perspective  and  outlook  are  constrained  by  mission  state- 
ment, and  the  analyses  are  almost  never  carried  out  by  trained  economists,  statisticians, 
and  other  social  scientists  skilled  in  perceiving  social  implications.  Moreover,  the  various 
importing  systems  and  data  elements  are  not  adequately  integrated  and  coordinated  from 
the  point  of  view  of  economic  analysis;  they  were  developed  almost  without  exception  for 
other  specialized  management  purposes  and  only  fortuitously  serve  socio-economic:  analy- 
sis needs.  To  continue  this  approach  would  deny  your  office  the  strong  central  staff  and 
Perspective  needed  to  analyze  critical  agency  positions  with  respect  to  overall  NASA  pro- 
grams and  policies.  A new  professionalism  is  needed  if  NASA  is  to  maintain  leadership  in 
the  new  national  environment  for  goal  selection  and  public  policy  formulation. 

0ui  key  recommendation  is  that  your  Chief  Economist's  responsibility  of  serving  as  a 
focal  point  for  agencvwide  socio-economic  analyses  under  the  Associate  Deputy 
Administrator  be  clarified,  and  his  authority  be  spelled  out  in  management  instructions 
and  other  suitable  media.  Our  detailed  recommendations  for  achieving  this  are  set  forth 
in  Chapter  IV,  espec  ially  section  A,  and  the  remainder  of  that  chapter  deals  with  other 
improvements.  The  NASA  Economist  should  become  involved  in  major  NASA  decision 
processes  and  selected  interagency  committees,  and  he  should  develop  an  information 
base  to  serve  top  agency  needs  just  as  the  activities  of  the  Management  Information 
Systems  Division  now  serve  middle  management  and  project  management  needs. 

I do  not  want  to  close  without  noting  that  in  our  judgment  successful  implementation 
ol  our  recommendations  will  require  a number  of  additional  positions  with  high  enough 
grades  to  attract  outstanding  personnel,  and  also  a period  of  about  six  months  to  assimi- 
late the  data  collections  and  cited  reports,  and  to  stuclv  and  begin  to  carry  out  the  rec- 
ommended improvements. 

Wr  wish  to  express  our  appreciation  for  the  cooperation  we  received  from  NASA  per- 
sonnel and  our  gratitude  lor  the  opportunity  to  review  for  von  the  central  socio-econom- 
ic  staff  role  in  NASA. 

I,  of  course,  will  he  happy  to  discuss  any  points  in  this  report  at  your  convenience. 

Yours  sincerely, 

[hand-signed:  "Jack  G.  Faucett”] 

President 

Document  tll-2 

Document  title:  Roger  W.  Hough,  “Some  Major  Impacts  of  the  National  Space  Program  ” 
Stanford  Research  Institute,  Contract  NASW-1 722,  June,  1968,  pp.  1-2,  19-22,  36. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office  NASA 
Headquarters,  Washington,  D.C. 

During  the  1960s , as  economists  began  to  develop  methodologies  designed  to  evaluate  the  impact  of 
research  and  development  (R&D)  on  the  economy,  NASA  contracted  for  studies  to  document  the  space 
agency  s specific  impacts.  These  exempts  are  from  one  of  the  early  studies  that  focused  on  the  impact 
of  \ ASA  field  centers  on  their  localities.  The  report  did  not  address  national  economic  impacts. 


Exploring  thk  Unknown 


403 


Some  Major  Impacts  of 
the  National  Space  Program 

1 1 1 SUMMARY  AND  CONCLUSIONS 

Rtctnt  studies  have  begun  to  show  conclusive  evidence  of  a dramatic  relationship 
between  advancing  technology  and  economic  growth.  Although  such  a relationship  seems 
intuitively  obvious,  the  proof  has  been,  and  still  is,  considerably  elusive.  No  clear,  defini- 
tive, quantitative  theory  yet  exists  in  the  economic  literature,  although  much  attention  has 
been  paid  to  the  subject  in  the  past  10  years. 

Since  NASA  is  exclusively  a research  and  development  agency  of  the  government,  it 
is  impoitant  that  the  relationship  between  R&D  and  economic  growth  be  understood. 
I his  report  discusses  some  aspects  of  the  relation-ship  and  indicates  some  of  the  required 
ingredients  for  economic  growth.  These  are,  for  example,  a more  productive  work  force, 
gained  largely  through  education;  a continuous  building  up  of  the  store  of  knowledge; 
greater  utilization  of  knowledge  by  entrepreneurs;  and  a high  rate  of  utilization  of  human 
capital,  first  by  virtue  of  low  unemployment  in  all  occupational  categor  ies  and  second  by 
a continual  development  and  utilization  of  higher  skills. 

To  find  out  how  NASA  contributes  to  these  various  elements,  this  study  examined  to 
some  extent  the  role  of  the  Agency  in  extending  the  quality  of  environment  at  its  centers 
and  production  and  test  areas  in  the  South.  It  was  found  that  by  contributing  to  improve- 
ments in  local  educational  systems,  NASA  had  effectively  modified  the  direction  of  growth 
taking  place  in  a number  of  locations.  It  is  clear  that  this  is  more  noticeable  in  small  cities, 
towns,  or  counties  than  in  large  metropolitan  areas.  On  the  other  hand,  in  a particular 
kind  of  environment,  such  as  Houston,  growth  in  both  quantity  and  quality  is  also  appar- 
ent if  the  immediate  vicinity  of  a center  is  examined  separately.  Furthermore,  the  same 
elements  that  have  been  detected  before  with  regard  to  scientific  complexes  in  other 
cities,  such  as  growth  of  graduate  and  higher  education  facilities,  are  noticeable  in  cou- 
nt ( tion  with  NASA  centers  and  other  facilities  in  the  South.  In  each  of  the  areas — with  the 
possible  exception  of  New  Orleans,  where  it  may  not  be  possible  to  detect  such  changes— 
NASA  has  contributed  to  those  elements  that  constitute  the  ingredients  for  economic 
growth.  It  lias  upgraded  the  skills  of  the  labor  force,  upgraded  the  level  of  education  avail- 
able to  local  inhabitants,  decreased  unemployment,  and  built  up  the  store  of  knowledge 
by  virtue  of  its  scientific  mission. 

In  summary,  we  find  that: 

1.  NASA  activities  have  had  a positive  and  consequential  influence  on  the  localities 
in  the  South  in  which  it  has  established  research  and  development  centers  and 
production,  testing,  and  launch  facilities. 

[2)2.  I he.se  influences  have  gone  beyond  those  associated  merely  with  the  channeling 
of  government  funds  into  an  area,  primarily  because  of  the  research  and  devel- 
opment nature  of  the  work. 

3.  R&D  is  different  from  other  transfers  of  government  funds  because  it  requires 
more  highly  paid,  highly  educated  workers  who  demand  more  in  the  way  of  qual- 
ity of  environment.  This  in  turn  affects  the  quality  of  education,  for  example, 
available  to  new  residents  of  the  community  as  well  as  to  old  ones,  resulting  in 
greater  levels  of  achievement  by  all. 

4.  NASA  and  NASA-con  tractor  personnel  have  contributed  to  this  upgrading  of  the 
environment  in  each  community  in  a variety  of  ways,  from  running  for  and  being 
elected  to  local  political  offices  to  providing  pressure  through  neighborhood  and 
community  organizations  and  volunteer,  charitable,  and  religious  groups. 
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Furthermore,  it  was  found  dial,  in  many  cases,  a substantial  portion  of  the  leach- 
ing staff  in  local  grade  and  high  schools  was  made  up  ol  wives  of  engineers  and 
scientists  on  NASA  projects.  These  women  are  generally  well  educated,  often 
from  a more  cosmopolitan  environment  than  that  found  in  many  of  the  NASA 
locations  in  the  South,  and  thus  able  to  bring  to  school  children  a broadei  expe- 
rience and  a greater  appreciation  for  education  than  they  would  have  otherwise. 

5.  NASA's  influence  is  also  felt  because  of  radical  changes  in  per  capita  income  that 
it  brings  about.  Recent  scholarly  studies  have  indicated  that  the  South  must 
upgrade  the  productivity  of  its  workers  to  achieve  a position  of  economic  (and 
social)  health  and  well-being  equivalent  to  that  of  the  rest  of  the  United  States. 
Per  capita  income  is  the  most  reliable  measure  available  to  judge  such  progress, 
and  this  indicator  has  been  affected  greatly  by  NASA  presence. 

6.  In  certain  cases,  NASA  has  been  a catalyst  in  stimulating  other  developments,  par- 
ticularly in  New  Orleans.  In  this  case,  the  local  economy  was  in  a slump  before  the 
advent  of  space  activities  in  the  area.  Uniform  agreement  was  found  among  local 
business  leaders,  Chamber  of  Commerce  of  ficials,  and  others  that  the  NASA  pres- 
ence was  a critical  influence  in  enlightening  the  community  to  new  and  progres- 
sive  business  opportunities. 

7.  The  influence  of  NASA  on  education  in  the  South  is  pertinent,  above  and  beyond 
that  mentioned  above.  In  insisting  on  good  educational  facilities  for  then  sons 
and  daughters  (and  for  themselves  through  college  extension  and  graduate  pro- 
grams), NASA  and  NASA-contractor  employees  have  laid  the  groundwork  for  a 
higher  quality  educational  environment  for  all  of  the  people  in  the  communities 
where  they  reside.  The  South  particularly  needs  such  influences  to  enhance  its 
own  development.  . . . 

[19]  IDENTIFIABLE  NASA  CONTRIBUTIONS 

The  impact  on  certain  of  the  communities  in  which  NASA  operates  in  the  South  has 
been  extensive.  In  three  of  these  areas,  the  economic  impact  has  been  direct  and  sul>- 
stantial;  in  the  other  two  areas,  local  economies  have  been  affected  only  slightly,  but  the 
catalytic  ef  fect  of  the  space  program  has  stimulated  businessmen  and  community  leaders 
to  think  in  even  broader  terms  of  expansion  and  utilization  of  local  resources  than  they 

had  before.  . , 

Much  of  this  change  might  reasonably  be  attributed  to  an  influx  of,  and  an  enthusi- 

asm  for,  funds  from  the  federal  government— whatever  their  specific  source  and  whatev- 
er their  end  use  or  purpose.  On  the  other  hand,  it  appeared  during  this  study  that  there 
was  something  distinct  about  the  infusion  into  a community  of  federal  funds  for  research 
and  development,  as  opposed  to  federal  funds  for  other  uses.  . 

To  investigate  this  hypothesis,  the  principal  investigator  in  this  study  visited  each  of 
the  NASA  centers  or  bases  of  operations  in  the  South.  This  chapter  describes  the  results 
of  those  visits  and  discussions,  together  with  background  material  drawn  front  previous 
studies  along  similar  lines. 

Huntsville.  Alabama 

In  1964,  a Select  Committee  of  the  U.S.  House  of  Representatives,  88th  Congress,  per- 
formed a study  entitled,  "Impact  of  Federal  Research  and  Development  Programs.”  In  this 
investigation,  impacts  on  communities,  higher  education,  industry,  and  the  economy  and 
the  nation  generally  were  examined.  The  study  revealed,  in  part,  that: 

1.  Federal  research  and  development  programs  make  their  impact  on  a given  area 
in  one  or  more  of  three  ways:  The  federally  owned  or  operated  research  and 
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development  installation;  the  research  and  development  contract  . . and  the 
expenditure  of  basic  research  funds  ...  in  institutions  of  higher  learning. 

2.  Regardless  of  tlu*  channel,  if  significant  numbers  of  Federal  research  and  devel- 
opment ac  tivities,  projects  or  dollars  are  involved,  there1  is  often  a special  impact 
on  the  locale,  seemingly  distinct  from  the  spending  of  Federal  dollars  in  other 
types  of  activities,  which  impact  is  especially  noticeable  in  small  cities. 

3.  Aspects  of  this  impact  include,  on  the  one  hand,  the  phenomenon  of  university 
and  especially  of  graduate  program  expansion  [201  following  upon  the  location 
of  a Federal  research  and  development  installation  in  a community;  and,  on  the 
other  hand,  in  a particular  c limate,  the  occasional  phenomenon  of  certain  types 
of"  research  and  development  related  industries  growing  up  around  those  univer- 
sities which  are  heavily  endowed  with  Federal  research  and  development  grants 
and  contracts. 

4.  One  apparently  consistent  characteristic  of  Federal  research  and  development 
activity,  and  especially  any  activity  which  involves  signific  ant  numbers  of  scientists 
and  other  professional  personnel,  is  that  primary  and  secondary  school  systems 
are  upgraded,  often  markedly.  The  select  committee  found  striking  examples  of 
this  in  Huntsville,  Alabama,  and  Tullahoina,  Tennessee,  where  major  Federal 
research  and  development  installations  arc1  located;  Stanford  Research  Institute 
found  similar  evidenc  e of  favorable  changes  in  other  communities. 

These  results  of  several  years  ago  were  substantiated  in  the  present  study.  For  exam- 
ple, discussions  with  members  of  the  Exec  utive  Staff  at  Marshall  Space  Flight  Center  con- 
firmed eac  h of  the  findings  of  the  select  committee  with  regard  to  Huntsville,  especially 
as  to  improvements  in  the  school  system,  the  active  role  played  by  the  center  in  the  estalv 
lishment  and  continuity  of  the*  Research  Institute,  the  establishment  of  an  impressive 
research  and  industrial  park,  and  the  establishment  and  expansion  of  a branch  of  the 
University  of  Alabama  at  Huntsville. 

Since  these  facts  are  important  to  the  present  discussion,  it  is  appropriate  to  reiterate 
them  here*.  First,  the*  select  committee  found  that  educational  facilities  in  Huntsville  had 
been  improved  radically  from  1950  to  1904: 

Total  enrollment  in  primary  and  secondary  schools  inc  reased  from  5,138  in 
1950  to  27,537  in  1904,  with  a consequent  burden  on  local  budgets.  In  1950, 
Huntsville  voters  overwhelmingly  approved  an  increase  in  ad  valorem  taxes, 
boosting  the  total  tax  rate  (including  city,  county,  and  State  levies)  to  $4.10  per 
$100.  Revenues  realized  from  this  additional  levy  were  earmarked  for  sc  hool  con- 
struction programs. 

Since  1955  school  construction  in  the  Huntsville  area  has  increased  at  the 
rate  of  approximately  one  new  classroom  a week.  The  number  of  public  schools 
inc  reased  from  8 in  1956  to  28  in  1964,  representing  more  than  800  classrooms. 
Bec  ause  of  the  steady  growth  of  facilities  the  community  has  not  been  forced  to 
resort  to  double  sessions  at  any  time. 

Whereas  in  1950  the  figure  for  median  school  years  completed  by  Huntsville 
residents  25  and  older  was  well  below  the  national  average  (7.5  years  as  against 
9.3  years),  by  1960  the  Huntsville  average  was  0.2  years  above  the  then  national 
average  of  10.6  years.  Results  of  testing  programs  for  students  in  grades 
|211  1 through  12,  showed  that  Huntsville  students  compared  quite  favorably  with 
those*  in  other  States  using  similar  tests.  A majority  of  the  scores  are  consistently 
in  the*  upper  25  percentile.  Comparable  results  show  up  on  tests  of  the  American 
College*  Testing  program,  the  National  Merit  Scholarship  program,  and  the  col- 
lege entrance  examination  program.  Between  75  and  80  percent  of  all  Huntsville* 
secondary  school  graduates  now  enter  college. 


Space  as  an  Investment  in  Economic  Growth 


406 


Some  550  spouses  of  Redstone  personnel  or  of  the  local  defense-related 
industry  serve  as  teachers  in  the  Huntsville  system.  Substantial  salary  increases  in 
recent  years,  coupled  with  an  actual  decrease  in  student-teacher  ratios  contribute 
to  the  attractiveness  of  teaching  opportunities.  Of  the  more  than  800  teachers  in 
the  city  school  system,  approximately  one-fourth  hold  master’s  degrees,  a high 
percentage  compared  with  other  Alabama  cities. 

Significant  improvements  in  curriculum  content  have  been  made  since  the 
initial  influx  of  NASA  and  Missile  Command  personnel.  Such  courses  as  advanced 
biology  and  calculus  have  been  added  to  the  secondary  school  program. 

The  school  system  of  Madison  County  (in  which  Huntsville  is  situated)  ( (in- 
sists of  30  schools  with  an  enrollment  of  12,860  students,  about  1,500  of  them 
“federally  connected.”  Three  private  academies  and  two  parochial  schools  serve 
an  additional  1,800  students.  An  extension  unit  of  die  State  vocational  technical 
school  was  recently  established  at  Huntsville,  offering  high  school  students  the 
opportunity  to  complete  the  11th  and  12th  grades  with  training  in  electronics, 
auto  mechanics,  and  related  technical  fields.  The  effect  of  this  new  program  has 
been  to  up-grade  substantially  the  labor  force  for  the  entire  ar  ea,  and  many  of  the 
graduates  of  the  technical  school  find  ready  employment  at  the  Redstone  Arsenal. 

I he  Huntsville  Center  of  the  University  of  Alabama  and  the  university's 
Research  Institute  developed  concurrently  with  the  growth  of  the  Redstone  com- 
plex, largely  as  a result  of  concerted  community  effort.  The  university  center  has 
attracted  an  enrollment  of  more  than  4,000  students.  Of  this  number,  1,515  are 
estimated  by  Huntsville's  superintendent  of  public  schools  to  be  dependents  of 
Federal  employees  at  Redstone  and  of  those  of  related  industries.  The  Center’s 
drive  toward  expansion  has  been  greatly  accelerated  since  1959  by  the  mush- 
rooming demands  placed  upon  it  by  scientific  personnel  in  the  area.  The  univer- 
sity allocated  $250,000,  matched  by  similar  appropriations  from  both  the  city  and 
Madison  ( anility,  for  a total  ol  $750,000.  In  addition,  the  city  and  county  donated 
555  acres  of  land  for  the  campus,  and  the  county  contributed  t he*  building  of  all 
necessary  roads. 

1 22]  The  university  center  presently  houses  the  largest  graduate  engineering 

school  in  the  South.  A further  expansion  of  the  center  is  currently  underway,  and 
another  $/50,000  is  being  raised  to  finance  a new  undergraduate  program,  first 
instituted  in  September  1964.  Projected  figures  indicate  that  more  than  6,000  stu- 
dents will  be  enrolled  at  the  university  center  by  1966  in  both  graduate  and 
undergraduate  programs.  This  compares  with  a total  enrollment  of  1,500  in 
degree-granting  institutions  in  the  Huntsville  area  prior  to  1958. 

The  Research  Institute,  founded  in  1960,  is  adjacent  to  the  university  center, 
and  with  Research  Park,  constitutes  the  complex  of  research  facilities  bordering 
the  arsenal.  Many  of  the  institute’s  staff  participate  as  professors  in  the  resident 
master's  degree  program  offered  by  the  university  center,  while  the  latter  supplies 
the  institute  with  graduate  and  undergraduate  students  who  wish  to  participate  in 
particular  research  projects.  The  institute  is  served  by  more  than  200  full-time 
academic,  research,  and  technical  service  personnel. 

Second,  the  committee  discussed  the  establishment  of  an  R&I)  industry  in  Huntsville: 

The  Huntsville  Industrial  Expansion  Committee,  organized  in  the  early  for- 
ties, had  long  realized  the  vast  opportunities  which  the  Redstone  Arsenal  com- 
plex, in  close  proximity  to  the  heart  of  the  city  on  the  one  side  and  large,  unused 
tracts  of  land,  on  the  other,  presented.  Efforts  to  attract  industry  and  education- 
al institutions  into  the  Huntsville  area  were  intensified  in  the  late  1950's  and  were 
centered  around  the  two  major  projects.  The  expansion  committee  played  an 
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important  role*  in  raising  funds  for  the*  establishment  of  the*  Rc*se*arch  Institute,  a 
branch  ol  the  University  of  Alabama  created  to  provide  research  in  the  aerospace 
physical  sciences.  I)r.  von  Braun,  shortly  after  being  appointed  Director  of  the 
Marshall  Space*  Flight  (enter,  helped  by  making  an  eloquent  appeal  before  the 
Alabama  State*  Legislature  for  funds  to  establish  the*  institute.  It  was  officially 
opened  3 months  after  Marshall  Space  Flight  Center,  on  October  1,  I960,  on  an 
interim  basis  with  personne  l loaned  by  main  campus  departments.  A State  bond 
issue  provided  $3  million  for  buildings  and  equipment,  and  an  additional 
$100,000  was  pledged  by  the*  c ity  of  Huntsville  and  Madison  County. 

A concurrent  development  was  the  creation  of  Industrial  Research  Park  by  a 
nonprofit  group  known  as  Research  Sites  Foundation,  Inc.,  a land  holding  arm  of 
the*  industrial  expansion  committee.  This  organization  leases  and  sells  properties 
on  a 2, 000-ae  re*  tract  adjacent  to  the  arsenal  to  private  firms  and  research  groups 
at  attractive  rate's;  it  is  pledged  to  donate*  profits  from  these*  transactions  to  the 
Rcse*arch  Institute*.  . . . 

|36]  Because  of  the*  demand  for  additional  courses  of  instruc  tion,  the  University  of 
Houston  now  teaches  15  graduate  courses  at  MSC  [Manned  Space*  Ce*ntcr],  including 
management  and  political  science,  as  well  as  engineering,  mathematics,  and  physics.  The* 
University  is  now  establishing  a new  graduate  school  on  a site*  adjacent  to  MSC  on  land 
eiona(c*d  by  the  Humble*  Oil  Company.  According  to  repre*se*nlative*s  of  the  cente  r,  this  new 
facility  represents  an  investment  of  more*  than  $3  million  at  the  outset,  and  is  expected  to 
serve  a community  of  80,000  people  eventually  in  the  Nassau-Clear  Lake  area. 

Other  examples  exist  such  as  the  establishment  of  the  Lunar  Science  Institute  under 
joint  sponsorship  of  Ric  e*,  NASA,  and  the*  National  Science  Foundation.  All  of  the*se  ele*- 
ments  are  representative  of  the  pattern  found  in  Huntsville*.  Although  it  may  not  be  pos- 
sible* to  c redit  NASA  with  the  entire  series  of  developments  (in  fact,  it  would  be*  incorrect 
to  do  so),  the  influence*  of  the  establishment  of  the  center  at  Houston  goe*s  much  beyond 
mc*rc  numbers  of  people  and  a government  payroll,  just  as  it  docs  elsewhere. 

Finally,  imparls  on  Houston  and  the  Clear  Lake  Are  a are*  summarized  in  Fable  7. 

Table  7 

Summary  of  Impacts  on  Houston-Clear  Lake  Area 

Direct  Economic  Impacts* 


I960 

1966 

Population 

6,500 

33,000 

School  enrollment 

1 ,900 

0,700 

School  bonds  (in  millions) 

$2.4 

$7.4 

Bank  deposits  (in  millions) 

$4.8 

$30.9 

Residential  construction! 

— 

1 ,200 

Other  Impacts 

Expansion  of  higher  education  facilities  in  gene*ral 

Establishment  of  cross-disciplinary  materials  scienc  e*  laboratory  at  Rice  University 
Establishment  of  University  of  Houston  Graduate  School 
Establishment  of  Lunar  Science  Institute 

Dramatic-  c hange  in  character  of  I louston,  expressed  in  pride*  in  being  a Space  ("enter 
(heat  expansion  in  number  of  firms  locating  in  area,  primarily  to  serve  NASA,  but 
expanding  to  other  markets  as  well 


* As  given  in  Reference  7. 
f New  since  l ‘Mi l . 
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Document  111-3 

Document  title:  “Economic  Impact  of  Stimulated  Technological  Activity,”  Final  Report, 
Midwest  Research  Institute,  Contract  NASW-2030,  October  15,  1971,  pp.  1-11. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  analysis  was  the  first  truly  comprehensive  national  estimate  of  the  returns  from  NASA  RCffl) 
expenditures.  It  used  a methodology  developed  by  Robert  So  low  based  on  an  aggregate  national  pro- 
duction fu  n ction  to  estimate  overall  returns  from  R&i)  and  then  the  subset  of  NASA  RCjfl)  impacts. 
The  results  of  a seven-to-one  return  on  NASA  expenditures  and  a projected  33-percent  discounted  rate 
of  return  from  1958  through  1987  were  used  for  many  years  in  press  releases  and  public  statements 
about  the  beneficial  effects  of  NASA  R&I).  The  following  is  Part  I of  what  was  a three-part  report. 


Economic  Impact  of  Stimulated  Technological  Activity 

[1]  KCONOMIC  CONSEQUENCES  OF  STIMULATED  TECHNOLOGICAL  ACTIVITY 

“The  nation's  technological  capacity,  which  is  conceptually  analogous  to  the  capacity 
of  its  physical  plant,  is  unquestionably  a nation’s  most  important  economic  resource.  By 
the  same  token,  the  rate  at  which  its  technological  capacity  grows  sets  what  is  probably  the 
most  important  ceiling  on  its  long-term  rate  of  economic  growth. 

File  rate  of  growth  of  a nation’s  technological  capacity  depends  jointly  upon  the  rate 
at  which  it  produces  new  technology  and  the  rate  at  which  it  disseminates  the  old." 

Jacob  Schmookler 
Invention  and  Economic  Growth 
1966 


OVERVIEW 


The  degree  to  which  a nation  can  satisfy  its  collective  and  individual  wants  is  depen- 
dent upon  the  wealth  of  the  nation  and  its  citizens.  The  accumulation  of  economic  where- 
withal is  obtained  through  combinations  of  labor,  capital,  and  technology.  All  three  inputs 
are  essential  but  it  is  through  technological  progress  that  the  productivity  of  labor  and 
capital  are  increased  to  obtain  more  output  per  unit  of  input  and,  consequently,  greater 
per  capita  wealth.  The  United  States  leads  the  world  in  the  generation  and  application  of 
technology.  Our  technological  progress  poses  certain  dilemmas,  but  is  also  the  source  of 
much  of  the  economic  power  we  are  bringing  to  bear  on  soc  ietal  deficiencies — deficien- 
cies that  many  less  wealthy  nations  cannot  afford  to  consider,  much  less  mount  assaults 
upon. 

T his  volume  highlights  the  findings  of  a research  inquiry  into  the  relationships 
between  technological  progress  and  economic  development,  with  emphasis  on  the  sever- 
al ways  in  which  NASA  research  and  development  has  aided  in  the  accumulation  and  com- 
mercial application  of  new  or  improved  scientific  and  technological  knowledge. 

[2J  Scope  of  Research 

The  research  undertaken  had  three  separate,  but  related  parts:  Part  I was  an  exami- 
nation of  the  importance  of  technological  progress  in  the1  generation  of  national  eco- 
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noinic  growth.  I he  locus  was  on  aggregate  economic  effects  of  technological  progress — 
with  technological  progress  being  viewed  abstractly  as  one  of  the  principal  growth-induc- 
ing forces  operating  in  the  economic  milieu.  Part  I was  concerned  with  effects:  the 
economic  effect  of  technological  progress,  the*  effect  which  R&D  has  on  technological 
progress,  and  the  effect  of  NASA  on  the  nation’s  R&D  spending.  Specifically,  this  portion 
of  the  study  was  based  on  an  econometric'  examination  of  the  U.S.  economy  during  the 
last  20  years  to  ide  ntify  and  measure  the*  portion  of  growth  which  can  he*  attributed  to 
technological  progress.  Part  1 also  examined  the  relationship  between  R&D  and  techno- 
logical progress  and,  finally,  made  some  tentative  estimates  of  the  relative  effective* ness  of 
NASA  R&l)  expenditures  in  generating  economic  growth  via  technological  progress. 

Part  II  was  a case*  study  of  the*  process  whereby  technology  is  developed  and  commer- 
cially applied.  It  was  designed  to  undergird' — f/y  example — tlu*  findings  of  the*  econometric 
study.  It  was  also  intended  to  illustrate  the  extreme  complexity  of  the  application 
process — in  partic  ular,  that  any  large  technological  undertaking  produces  both  direct  and 
indirect  commercial  applications,  that  these  come*  in  a wide  variety  of  forms  and  types, 
that  countless  individual  increments  of  technological  progress  arc*  combined  in  any  appli- 
cation, that  there  arc*  many  participants  in  the*  process — no  one*  of  whom  can  claim  sole* 
credit  and  finally  to  examine*  the  several  roles  that  a mission-oriented  research  and 
development  agency  such  as  NASA  plays  in  the  application  process. 

I lie  specific  c ase  study  undertaken  was  of  the  R&D  programs  and  application  endeav- 
ors which  have*  culminated  in  commercial  communication  via  satellite. 

Part  III  of  the*  report  was  an  illustration  of  ways  in  which  a NASA  undertaking  has  con- 
tributed to  the*  nation’s  scientific  and  technical  knowledge  reservoir — die*  reservoir  which 
is  drawn  upon  and  extended  by  any  move  toward  application.  The*  inte  nt  was  to  demon- 
strate that  a large*  body  of  knowledge  is  accumulated  in  the  process  of  satisfying  mission- 
oriented  program  requirements  and  that  this  knowledge  is  retained  for  use  by  others  for 
other  purposes.  The*  research  procedure  was  again  a case  study.  In  this  instance  the  focus 
was  on  what  we*  had  to  learn  to  keep  man  alive  and  produc  tive*  in  space — with  emphasis 
on  those  things  which  have  relevance  in  one  form  or  another  to  earthly  problems. 

|3|  Thus,  in  three  separate  but  interlocked  studies,  [Midwest  Research  Institute]  attempt- 
ed to  touch  upon  major  elements  in  the  progression  from  science  through  technology  to 
viable  application  in  the  economic  realm:  Part  I measures  the  economic  effect  of  techno- 
logical progress.  Part  II  illustrates  the  process  whereby  technology  is  developed  and  com- 
mercially applied  (covering  the  invention/innovation  portion  of  the  spectrum).  Part  III 
show's  that  an  inherent  aspect  of  mission-oriented  R&D  is  the  generation  of  new  or 
improved  knowledge — in  many  fields:  basic  phenomena,  applied  science,  engineering, 
design,  materials,  processing,  etc.  And,  that  this  knowledge  is  added  to  the  nation’s  knowl- 
edge bank  for  withdrawal  when  demand  and  the  state  of  industrial  practice  evolve  to  the 
point  where  the  technology' will  be  applied. 

1 4 1 PARTI 

OVERALL  ECONOMIC  IMPACT  OF  TECHNOLOGICAL 
PROGRESS— ITS  MEASUREMENT 


A.  BACKGROUND 

The  central  questions  toward  which  this  phase  of  the  report  was  addressed  are: 

I W hat  is  the  role  of  technological  progress  in  national  economic  growth? 

2.  What  factors  determine  the  rate  of  economic  growth  due  to  technological 
progress? 
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3.  Can  the  relationships  between  technological  progress,  its  determinants,  and  sub- 
sequent economic  growth  be  measured — quantitatively? 

4.  And,  how  do  the  research  and  development  activities  of  the  space  program  tie 
into  the  preceding  questions? 

Before  World  War  II,  there  was  little  need  to  ask  such  questions  at  the  national  level. 
Most  development  was  performed  by  the  individual  inventor  or  by  industrial  laboratories 
supported  by  company  funds.  Choices  as  to  whether  or  not  to  allocate  resources  to  devel- 
opment and  how  to  distribute  resources  among  projects  were  made  within  individual  com- 
panies. Most  of  the  nation’s  research  effort  was  performed  at  universities  as  an  adjunct  to 
graduate  education.  National  priorities  had  little  direct  influence  on  the  allocation  of 
resources  to  R&D,  and  the  scale  of  R&D  was  small  enough  that  the  formulation  of  precise 
relationships  between  R&D  and  the  economy  lacked  urgency. 

R&D  grew  dramatically  following  World  War  II  under  the  stimulus  of  the  Cold  War  and 
the  race  to  combine  atomic  weapons  with  rocketry.  Massive  mission-oriented  R&D  pro- 
grams were  mounted,  using  as  their  model  the  Manhattan  Project  of  World  War  II.  All  facets 
of  research— basic  and  applied— as  well  as  development  and  sophisticated  production  plus 
scientific  and  engineering  education  underwent  huge  federally  funded  expansions.  A 
strong  scientific  and  technological  capability  became  an  essential  insti  ument  for  national 
survival — decisions  to  allocate  resources  to  R&D  were  made  on  the  basis  of  necessity. 

[5]  By  the  late  1950’s,  when  the  nation’s  first  large-scale  civilian  mission-oriented  R&l) 
agency — NASA — was  created,  the  economic  effects  of  such  undertakings  were  receiving 
explicit,  if  imprecise,  recognition.  At  about  the  same  time,  the  short-term  and  regional 
economic  impacts  of  expanded  R&D  began  to  receive  widespread  recognition. 
Community  after  community  strove  to  become  another  Route  128,  or  San  Francisco  Bay 
Area,  or  Huntsville.  The  immediate  benefits  of  a local  R&D  complex  were  clear.  Less  clear 
were  the  processes  whereby  R&D  led  to  new  or  improved  processes,  products,  and  ser- 
vices. But  more  important  to  the  purposes  of  the  present  portion  of  this  report,  the  theo- 
ry, methodologies  and  empirical  data  needed  to  measure  quantitatively  the  cumulative 
ef  fect  over  time  of  the  product  and  process  advances  were  notably  deficient. 

During  the  1960’s  a number  of  theorists  and  researchers  undertook  to  improve  our 
ability  to  measure  the  economic  impact  of  technological  advances,  for  it  had  become  cleat 
that  technology  was  a large  and  powerful  force  in  the  accumulation  of  national  wealth. 
Pioneering  work  by  Solow,  Kendrick,  and  Denison  was  amplified  and  extended  by  a num- 
ber of  others.  Much  progress  has  been  made,  but  the  fact  remains  that  we  got  to  the  moon 
in  a decade,  but  are,  as  yet,  unable  to  fully  measure  the  present  and  future  economic 
impact  of  the  science  and  technology'  accumulated  on  the  way  to  the  moon  (or  the  aggre- 
gate effect  of  technological  progress  in  general).  Our  present  capability  to  measure  the 
relationship  between  technological  progress  and  R&D  is  even  less  precise. 

Yet,  national  decisions  with  respect  to  the  allocation  of  resources  to  and  within  R&D 
are  being  and  will  be  made.  These  decisions  cannot  he  postponed  until  precise  measure- 
ments of  their  effects  are  possible.  Thus,  the  intent  of  this  part  of  the  study  was  to  pro- 
vide— from  within  the  existing  state  of  the  art— some  measurements  of  technology’s 
contribution  to  this  nation’s  wealth  during  recent  years  and  the  tole  of  R&1)  in  genet  til- 
ing growth  through  technological  progress. 

B RESEA R(  IH  APPROACH 

The  investigations  were  performed  at  the  national  economic  level.  We  were  exploring 
the  aggregate  effects  of  technological  progress  rather  than  those  stemming  from  the  indi- 
vidual inventions  or  innovations.  Inadequacies  in  all  existing  macro-economic  yardsticks 
forced  the  study  to  focus  on  the  “cost  savings”  effects,  i.e.,  increases  in  the  productivity  of 
labor  and  capital  achieved  through  technological  progress.  The  many  improvements  in 
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the  quality  of  goods  and  services  due  to  research  and  development  are  not  adequately 
reflected  in  existing  aggregate  economic  series  and  cannot  he  directly  measured. 

[(»]  Given  these  restrictions  on  the  scope  of  the  study,  six  research  tasks  were  performed: 

First,  we  adopted  a definition  of  technological  progress  that  is  consistent  with  how 
progress  occurs  and  how  it  is  generally  perceived  to  occur.  The  definition  presumes  that 
all  increases  in  output  not  attributable  to  added  quantities  of  labor  and  capital  are  due  to 
technological  progress;  i.e.,  all  quality  improvements  in  labor  and  capital  are  traceable  to 
technological  progress. 

Second,  within  the  framework  of  the  definition  of  technological  progress  and  neo- 
classical economic  growth  theory,  a suitable  macro-economic  production  function  was 
structured. 

The  adopted  production  function  states  that  technological  progress  acts  in  a multi- 
plicative rather  than  an  additive  fashion  in  augmenting  labor  and  capital  in  the  output- 
generating  process.  The1  general  form  of  the  production  function  employed  is: 

Q,  = A,f  (K,,  I.,) 


where: 

Qj  = Output  in  time  period  t 

Kt  = Capital  utilized  in  time  period  t 

L,  = Labor  expended  in  time  period  t 

A,  = Level  of  technolog)' applied  in  time  period  t. 

Third,  the  technolog)'  index1  implicit  in  the  production  function  was  used  to  assess 
quantitatively  the  impact  of  applied  technology  on  economic  growth  and  output. 

Fourth,  having  determined  the  level  of  technolog)'  and  resulting  output,  we  related 
technological  progress  generating  activities  such  as  research  and  development,  economies 
of  sc  ale,  educ  ation,  etc.,  in  a mathematical  model.  Here,  the  determinants  of  technologi- 
cal progress  were  linked  to  the  effect  of  their  stimulus  in  terms  of  incremental  economic 
output. 

| 7 1 With  respect  to  growth  in  output  in  the  private,  non-farm  sector  of  the  economy  trace- 
able to  R&D — which  was  denoted  G(R&D) — we  hypothesized  the  following  relationship: 

G(R&D)t  = f(Rt) 


where: 

R,  = The  weighted  sum  of  past  R&D  expenditures  for  year. 
Mathematically,  tin*  weights  are  expressed: 

Rt  = w0ri-0  + wlri-l  + w2rt-2  + • ■ • + WjlVi  + . . . w,8rt.,8 


where: 

w'j  = Weight  for  the  ith  year  lag,  and 
rt_j  = R&D  expenditures  in  the  year  t-i. 


1 The  index,  A,,  represents  the  technology  being  applied  in  the  production  process  through  time,  h 
is  arrived  at  through  analysis  oi  actual  output  and  output  possible  with  labor  and  capital  quality — i.e.,  embodied 
technology — fixed  at  a base  year. 
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Thus,  Rt  is  a reflection  of  the  current  year’s  R&D  activity  plus  the  effective  value  of  each 
of  the  past  18  years  of  R&D  expenditures.  Conceptually,  R,  can  be  considered  the  effec- 
tive investment  in  R&D  uat  work”  in  year  t.  The  18-year  payout  period  and  the  payout  pat- 
tern within  the  period  were  derived  from  several  comprehensive  and  respected  surveys  of 
industry’s  pay-back  expectations  for  R&1)  spending  and  new  product  lifetimes. 

Fifth,  through  the  use  of  statistical  analysis,  we  empirically  determined  quantitative 
relationships  existing  between  growth  due  to  technological  progress  and  determinants  of 
technological  progress. 

Finally,  within  the  preceding  analytical  framework,  we  examined  the  economic  impact 
associated  with  the  technological  stimulus  provided  by  the  space  program. 

C.  FINDINGS  AND  CONCLUSIONS 

As  have  others  before  us,  we  found  technological  progress  has  been  a powerful  force 
in  economic  growth.  Our  study  considered: 

• That  technology  is  one  of  the  factors  of  production — along  with  labor  and  capi- 
tal— with  which  the  output  requirements  of  the  nation  are  satisfied; 

• That  what  we  term  technological  progress  is  responsible  for  improvements  in  the 
quality  or  productivity  of  labor  and  capital; 

[8]  * That  technological  progress  results  from  the  introduction  of  new  or  previously 
unused  knowledge  into  the  production  process; 

• That  there  are  many  mechanisms  by  which  knowledge  is  productively  applied, 
including:  Improved  worker  skills,  improved  machine  design,  improved  manage- 
ment techniques,  and  so  on. 

Measuring  the  effect  of  technological  progress — so  defined — during  the  1949 
through  19b8  time  period,  we  found  that: 

• The  technology  added  to  the  nation  \ production  recipe  after  1949  accounted  Jor  40  percent 
of  the  real  increase  in  private , non-farm  output  during  the  period. 

• Cumulatively , total  output  for  the  period  was  about  $S.2  trillion.  If  there  had  been  no 
increase  in  the  level  of  technology  used  after  1949,  the  stock  of  labor  and  capital  applied 
would  have  only  yielded  a cumulative  output  of  $6.  9 trillion.  Thus,  the  leverage  on  the  other 
two  factors  of  production  fry  technological  progress  permitted  almost  20  percent  more  output 
than  might  otherwise  have  been  achieved  with  the  same  quantity  of  labor  and  capital. 

• Throughout  the  period  the  technology  factor  in  the  production  fu  nction  increased  at  a com- 
pound rate  of  1.7  percent  per  year:  By  the  end  of  the  period — in  / 96  H — the  compounding 
growth  of  technology  had  reached  a point  at  which  technological  improvements  btyond  1949 
levels  were  accounting  for  37  percent  of  output  (figure  1). 

Although  it  is  possible  to  dissent  on  certain  grounds  about  the  exact  amount  of  pro- 
ductivity gains  due  to  technolog);  the  major  conclusion  is  clear.  Without  the  increase  of 
technology  and  its  introduction  into  the  production  recipe,  this  nation  would  he  sul>- 
st antially  less  wealthy  than  it  is.  Much  of  the  economic  wherewithal  we  are  now  attempt- 
ing to  apply  toward  the  solution  of  pressing  domestic  problems  is  the  product  of  applied 
technological  progress.  To  expand  this  economic  capacity  for  problem  resolution,  this 
nation  must  continue  to  allocate  resources  to  enterprises  which  generate  technological 
progress  and  encourage  its  productive  utilization. 

This  brings  us  to  the  second  set  of  findings — those  related  to  the  sources  or  determi- 
nants of  technological  progress.  The  theoretical  and  empirical  foundation  for  these* 
assessments  is  less  definitive  than  for  the  preceding  findings.  However,  there  is  general 
agreement  on  a list  of  forces  important  in  the  generation  of  technological  progress.  I he* 
forces  are  highly  interactive  but,  for  analytical  reasons,  were  treated  independently.  Our 
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findings  indicated  that  most  of  these  forces  were  of  insignificant  effect  during  the  rela 
tively  short  time  period  under  study. 

19] 


Hfrure  1.  Output  and  (iains  Resulting  From  Technological  Progress  (1949-1968) 

[10]  However,  three  factors — the  sex  mix  of  the  workforce,  education,  and  R&D — were 
found  to  be  important  determinants  of  economic  gains  through  technological  progress 
during  the  Post-World  War  II  period.  The  first,  sex  mix,  is  the  product  of  increasing  par- 
ticipation by  females  in  the  workforce  and  increasing  productivity  by  distaff  employees. 
Improvements  in  this  factor  during  the  period  accounted  for  4 percent  of  the  total  gains 
due  to  technology.  Improved  worker  productivity  through  higher  educational  levels  con- 
tributed approximately  36  percent.  The  balance  of  the  technology-induced  gain — 60  per- 
cent— was  attributed  to  R&D  after  having  ascertained  that  other  possible  determinants 
had  no  measurable  or  identifiable  impact. 

The  relationship  between  R&D-  and  technology-induced  economic  gains  was 
explored  on  a distributed-lag  basis.  Lag  distributions  between  R&D  expenditures  and  ini- 
tial pay-back  and  final  pay-out  in  the  form  of  national  economic  gains  were  constructed 
from  industry  estimates  and  experience,  but  when  subjected  to  statistical  tests  the  rela- 
tionships exhibited  reasonably  good  explanatory  power.  The  findings  were  that: 

On  the  average — each  dollar  spent  on  R&D  returns  slightly  over  seven  dollars  in  technological- 
ly indu  ced  economic  gains  over  an  IS-y ear  period  following  the  expenditure. 

This  finding  leads  to  the  strong  conclusion  that,  on  the  average  (including  good,  bad, 
and  indifferent  projects),  R&D  expenditures  have  been  an  excellent  national  investment. 

The  final  set  of  findings  relates  to  the  economic  impact — via  technological  progress 
of  NASA’s  R&D  programs.  Assuming  that  NASA's  R&D  expenditures  had  the  same  pay-off 
as  the  average,  we  found  that: 
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l he  $ 25  billion , iw  / 95<V  dollars , .v/*c//(  on  civilian  space  R&l)  during  (he  1959-1969 period 
has  returned  $52  billion  through  1970  and  will  continue  to  produce  pay-off  through  19H7,  at  which 
time  the  total  pay-off  will  have  been  $1S1  billion  (Table  1).  The  discounted  rate  of  return  for  this 
itwest-menl  will  have  been  33  percent. 

As  noted,  the  preceding  finding  was  based  on  the  assumption  that  NASA  R&L)  spend- 
ing has  an  average  pay-off  effect;  there  is  strong  preliminary  evidence  that  the  exacting 
demands  of  the  space  program  may  produce  greater  than  average  economic  effects  due 
to  increased  technological  leverage.  This  comes  about  because  NASA  allocates  its  R&D 
dollar  to  the  more  technologically  intensive  segments  of  the  industrial  sector  of  the  econ- 
omy. The  weighted  average  technological  index  (At)  of  the  industries  which  perform 
research  for  NASA  is  2. 1 , while  the  multiplier  for  all  manufacturing  is  1 .4.  Although  there 
are  a number  of  conceptual  and  procedural  limitations  to  the  construction  of  industry- 
level  technological  multipliers,  the  spread  seems  large  enough  to  support  the  view  that 
highly  technological  undertakings,  such  as  the  spac  e*  program,  do  exert  disproportionate* 
weight  toward  increased  national  produc  tivity. 


[11]  Table  1 

G(R&D)  Generation  Pattern  Resulting  From  NASA  R&D 
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/ hi s study  showed  an  overall  seven-to-one  return  to  NASA  expenditures  using  a macroeconomic  pro- 
duction function  approach.  It  differs  from  the  1971  Midwest  Research  Institute  study  (Document 
II  1-3)  in  many  technical  ways,  the  most  important  of  which  was  that  it  assumed  that  NASA  R&D 
was  different  from  overall  R&D.  This  study  was  the  last  in  a senes  of  major  efforts  in  the  mid-l  970s 
to  justify  NASA  expenditures  on  the  basis  of  their  economic  impacts . During  the  post-Apollo  period  of 
the  mid-1970s , NASA  R&D  budgets  were  less  than  one-half  oj those  of  the  peak  years  of  1965-66 ; 
NASA  economic  analyses  were  designed  to  buttress  arguments  for  increased  space  fmdgets. 


The  Economic  Impact  of  NASA  R&D  Spending 

I i I Abstrac  t 


In  this  study  Chase  Econometrics,  Inc.,  has  undertaken  an  evaluation  of  the  econom- 
ic impac  t of  NASA  R&D  programs.  Flic*  crux  of  the  methodology  and  hence  the  results 
revolve  around  the  interrelationships  existing  between  the  demand  and  supply  effects  of 
increased  R&D  spending,  in  particular,  NASA  R&D  spending.  The  demand  effects  are  pri- 
marily short-run  in  nature  and  have  consequences  similar  to  that  of  other  types  of  gov- 
ernment spending.  The  supply  effects,  which  represent  the  results  of  a higher  rate  of 
technological  growth  manifested  through  a larger  total  productive  capacity,  are  long-run 
in  nature  and  have'  consequence's  very  dissimilar  to  that  of  general  type's  of  government 
spending. 

The  study  is  divided  into  two  principal  parts.  In  the  first  part,  the  INFORUM  Inter- 
industry forecasting  Model  is  used  to  measure  the*  short-run  economic  impact  of  alterna- 
tive levels  of  NASA  expenditures  for  1975.  The  princ  ipal  results  of  this  part  of  the  study  are 
that  a shift  toward  higher  NASA  spending  within  the  framework  of  a constant  level  of  total 
Federal  expenditures  would  increase  output  and  employment  and  would  probably  reduce 
the  inflationary  pressure's  existing  in  the  economy.  Hence,  Chase  concludes  that  NASA 
spending  is  more  stabilizing  in  a recovery  period  than  general  gove  rnment  spending. 

In  the  second  part  of  the  study,  an  aggregate*  production  function  approach  is  used  to 
develop  the  data  series  necessary  to  measure  the  impact  of  NASA  R&D  spending,  and 
other  determinants  of  technological  progress,  on  the  rate  of  growth  in  productivity  of  the 
U.S.  economy.  The  princ  ipal  finding  of  this  part  of  the  study  is  that  the  historical  rate  of 
return  from  NASA  R&D  spending  is  43  percent. 

|ii]  In  the*  final  part  of  the  study,  the  measured  relationship  between  NASA  R&D  spend- 
ing and  technological  progress  is  simulated  in  the  Chase  Macroeconometric  Model  to 
measure  the  immediate,  intermediate,  and  long-run  economic  impact  of  increased  NASA 
R&D  spending  over  a sustained  period.  The  principal  findings  of  this  part  of  the  study  are 
that  a sustained  inc  rease  in  NASA  spending  of  $1  billion  (1958  dollars)  for  the  1975-1984 
period  would  have  the  following  effects: 

1)  Constant-dollar  GNP  would  be  $23  billion  higher  by  1984,  a 2%  increase  over  the 
“baseline,”  or  no-additional-expenditure  projections. 

2)  The  rate  of  increase  in  the  Consumer  Price  Index  would  be  reduced  to  the  extent  that 
by  1984  it  would  he  a full  2%  lower  than  indicated  in  the  baseline*  projection. 

3)  The  unemployment  rate  would  be  reduced  by  0.4%  by  1984,  and  the  size  of  the  labor 
force  would  be  inc  reased  through  greater  job  opportunities  so  that  the  total  number  of 
jobs  would  increase  by  an  additional  0.8  million. 

I)  By  1981  productivity  in  the  private  non-farm  sector  would  be  2.0%.  higher  than  indi- 
cated in  the  baseline?  projection. 

Other  simulations,  of  $100  to  $500  million  increases,  show  proportional  results. 
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The  large  beneficial  economic  effects  of  NASA  R&i)  programs,  particularly  the 
unique  combination  of  increased  real  GNP  and  a lower  inflation  rale,  stem  from  the 
growth  in  general  productivity  resulting  from  NASA  programs.  Growth  in  productivity 
means  that  less  labor  (and/or  capital)  is  needed  per  unit  of  output.  This  results  in  lower 
unit  labor  costs  and  hence  lower  prices.  A [iii]  slower  rate  of  inflation  leads  in  turn  to  a 
more  rapid  rise  in  real  disposable  income,  which  provides  consumers  with  the  additional 
purchasing  power  to  buy  the  additional  goods  and  services  made  possible  by  the  expan- 
sion of  the  economy's  production  possibility  frontier.  Finally,  the  increase  in  real  con- 
sumer expenditure  leads  to  an  increase  in  demand  for  the  services  of  labor. 

[ 1 ] Introduction 

Chase  Econometric  Associates,  Inc.  has  undertake  n an  evaluation  of  the  economic 
impact  of  NASA  R&l)  spending  on  the  U.S.  economy.  This  study  reports  on  both  the 
short-run  and  long-run  effects  of  changing  levels  of  spending.  Both  the  ('base 
Econometrics  macro  model  and  input-output  model  are  used  to  calculate  the1  impact  of 
different  spending  levels  on  the  overall  economy  and  on  specific  industries  in  the  short- 
run  part  of  the  study.  The  long-run  part  of  the  study  includes  an  estimate  of  the  relation- 
ship between  NASA  R&D  spending  and  the  rate  of  technological  growth.  This 
relationship  is  used  to  determine  how  much  higher  spending  levels  would  raise  aggregate 
supply  and  increase  the  total  productive  capacity  of  the  economy.  The  demand  effects 
stemming  from  an  increase  in  spending  are  not  substantially  different  from  traditional 
multiplier  analysis  and  are  primarily  short-run  in  nature.  The  supply  effects  do  not  begin 
to  have  a significant  effect  on  aggregate.1  economic  activity  until  five  years  later,  but  the  ulti- 
mate effects  are  much  larger  and  very  different  than  the  effects  of  most  forms  of  govern- 
ment spending. 


Short-Run  Impac  ts  of  NASA  R&D  Spending 
Description  of  Approach 

The  first  part  of  the  study  deals  with  the  short-term  economic  impact  of  NASA  expen- 
ditures and  attempts  to  answer  the  question  of  whether  a higher  level  of  NASA  expendi- 
tures is  more  beneficial  to  the1  U.S.  economy  than  a lower  level  during  the  year  that  the1 
expenditures  are  made,  holding  the  level  of  total  [2]  Federal  spending  constant.  This 
analysis  is  useful  in  examining  the  effects  of  altering  the  level  of  NASA  expenditures  as 
part  of  an  overall  economic  stabilization  policy. 

The  economic  impact  was  calculated  by  preparing  two  forecasts  of  the  U.S.  economy 
for  1975  using  alternative  levels  of  NASA  expenditures,  which  we  term  NASAHI  and 
NASALO.  The  NASAEO  forecast  assumed  an  expenditure  by  NASA  of  $1.55  billion  in 
1971  dollars  for  goods  and  services  (excluding  NASA  employee  wages)  during  calendar 
1975.  The  NASAHI  forecast  assumed  an  expenditure  of  $2.55  billion  by  NASA  with  other 
Federal  government  spending  reduced  by  $1  billion,  hence  leaving  the  total  level  of  gov- 
ernment spending  unchanged.  Because  of  this,  the  aggregate  economic  impact  shown  for 
this  shift  is  quite  small. 

lit  order  to  measure  the  differential  industry  effect  of  the  NASAHI  and  NASALO 
expenditure  levels,  we  utilized  the  INFORUM  Inter-Industry  Forecasting  Model.  This 
model,  which  was  developed  by  the  Interindustry  Forecasting  Project  of  the  University  of 
Maryland,  has  been  expanded  and  modified  by  ('base  Econometrics  and  has  been  linked 
to  the  ('base  Econometrics  Macroeconomic  Forecasting  Model  to  provide  consistent  eco- 
nomic forecasts  for  the  industries  included  in  the  model.  Through  use  of  this  model,  it  is  pos- 
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siblc  to  forecast  the  impacts  on  major  economic  indicators  such  as  inflation,  employment, 
GNP,  and  productivity  of  a shift  in  the  Federal  budget  to  a higher  level  of  NASA  spending. 

Short-Run  Results 


The  effects  of  the  two  alternative  forecasts  on  the  aggregate  economy,  as  estimated 
through  use  of  INFORUM,  are  shown  in  Tables  1 and  2.  While  the  results  are  not  dra- 
matic, they  do  indicate  that  the  direction  of  change  in  economic  activity  f rom  an  increase 
in  the  level  of' NASA  expenditure  is  positive  [3]  [original  placement  of  Tables  1 and  2]  [4] 
and  beneficial.  The  magnitudes  are  small  because  the  total  Federal  expenditure  has  not 
been  altered  and  these  improvements  result  solely  from  a shift  within  total  Federal  expen- 
ditures. Nonetheless,  these  results  do  indicate  that  NASA  expenditures  are  less  inflation- 
ary than  other  Federal  government  expenditures,  and  that  a shift  toward  higher  NASA 
spending  with  a constant  Federal  expenditure  is  not  inflationary  in  the  present  economy. 
Conversely,  it  would  follow  that  a shift  away  from  NASA  to  other  Federal  programs  could 
be  relatively  inflationary  in  the  present  economy.  Further,  the*  employment  effect  of  NASA 
expenditures  is  beneficial,  although  not  large  for  this  small  change,  and  thus  both  goals 
of  higher  employment  and  lower  rates  of  inflation  would  be  hindered  by  a lower  level  of 
NASA  expenditure. 


Table  1 

Macroeconomic  Impact  of  NASAHI  and  NASALO  Expenditures 


NASAI.O 

NASAHI 

1975 

1975 

Cross  National  Product 

1529.9 

1530.1 

Cross  National  Produc  t (1958$ 

820.7 

820.7 

Consumer  Price  Index  (%  c hange4) 

10.5 

10.5 

Disposable  Personal  Income 

1084.9 

1085.0 

Federal  Government  Deficit 

17.0 

10.9 

All  figures  are  in  billions  of  dollars  except  where  indicated  otherwise4. 

NASAHI  = NASA  expenditures  during  1975  of  $2. 35  billion  in  1971  dollars. 

NASALO  = NASA  expenditures  during  1975  of  $1.35  billion  in  1971  dollars. 

Table  2 

Employment  by  Industries  Affected  by  a NASA  Spending  Shift 

Employment  by  Selec  ted  Industries  HI  EO  Diff 

(thousands) 

Industry 

Number  Industry  SIC  Code 


5 

Missiles  and  Ordnance4 

19 

154 

142 

+ 12 

59 

Machine  Shop  Products 

359 

191 

190 

+ 1 

07 

Communication  Equip. 

360 

404 

402 

+ 2 

71 

Aircraft 

501 

488 

+ 13 

Total 

+28 

418 


Space  as  an  Investment  in  Economic  Growth 


22 

Logging  and  Lumber 

241,  242 

307 

308 

- 1 

25 

Furniture 

25 

543 

544 

- 1 

27 

Paper  and  Products 

26 

501 

502 

- 1 

30 

Printing  & Publishing 

27 

688 

689 

- 1 

31 

Industrial  Chemicals 

295 

296 

- 1 

72 

Shipbuilding 

373 

169 

171 

_ u 

Total  zl 


Net  gain  in  Manufacturing  Employment  +20 

(thousands  of  jobs) 


Thus  in  this  section  of  the  study  we  show  that  a shift  to  NASA  expenditures  f rom  other 
Federal  government  spending  will  stimulate  the  economy  without  raising  prices.  In  par- 
ticular, we  found  the  following  effects  of  a shift  of  $1  billion  in  1971  dollars. 

1)  A higher  level  of  NASA  expenditures  would  not  have  had  an  inflationary  impact  on  the 
U.S.  economy  during  1975  and  would  probably  have  reduced  the  inflation  pressures  in 
the  economy. 

2)  A shift  of  $1.0  billion  in  1971  dollars,  or  $1.4  billion  in  1975  estimated  prices,  from 
other  Federal  non-defense  expenditures  to  NASA  expenditures  would  have  reduced  the 
inflationary  pressures  in  several  key  basic  materials  industries. 

3)  A shift  to  increase  NASA  expenditures  would  have  inc  reased  employment  by  25,000  in 
the  missile  and  ordnance  and  aircraft  industries.  While  it  would  have  reduced  employ- 
ment in  ten  other  industries,  the  net  increase  in  the  manufac  turing  sec  tor  would- have 
been  20,000  jobs. 

15]  4)  Output  would  have  been  stimulated  in  twenty-one  industries.  The  principal  indus- 
tries which  would  have  been  affected  had  considerable  excess  capacity  in  1975  and  were 
producing  at  levels  well  below  their  peak  years  and  in  most  cases  below  the  average  of  the 
past  five  years. 

The  general  conclusion  reached  in  this  section  is  that  a shift  toward  higher  NASA  spend- 
ing within  the  framework  of  a constant  level  of  total  Federal  expenditures  (rentes  jobs  without  raising 
the  rate  of  inflation , and  hence  is  more  stabilizing  m a recovery  period  than  general  government 
spending. 


Fhe  Impact  of  NASA  R&D  on  the 
Rate  of  Change  of  Technological  Progress 

Description  of  Approach 

The  second  part  of  this  study  is  an  examination  of  the  historical  relationship  between 
NASA  R&D  spending  and  the  rate  of  technological  progress.  This  examination  requires 
two  steps:  (1)  the  construction  of  a time  series  to  measure  the  rate  of  change  of  techno- 
logical progress;  and  (2)  an  empirical  investigation  through  regression  analysis  of  the 
determinants  of  technological  progress  suggested  by  economic  theory. 

(1)  Time  Series  for  y (gamma).  The  time  series  representing  the  rate  of  change  in 
technological  progress  (y)  is  a somewhat  elusive  measure,  inasmuch  as  it  requires  devel- 
oping a series  for  potential  Gross  National  Product  (GNP)  as  well  as  related  series  for 
labor  and  capital  inputs.  The  series  that  was  developed  to  measure  y is  based  on  the 
methodology  used  by  the  Council  of  [6]  Economic  Advisers.  In  addition,  an  alternative 
series  for  y was  developed,  following  the  methodology  of  E.  F.  Denison,  to  test  the  sensi- 
tivity of  the  results  to  a change  in  the  formulation  of  the  y series. 
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Our  formulation  of  y is  as  follows: 

AX  AL  AK 

^ X - a U - (1  - a)  K 

where  X = full  capacity  or  maximum  potential  output  (national  income  or  GNP)  in 
constant  prices 

L = maximum  available  labor  force 

\ 

K = capital  stock,  defined  as  K = £ X//M  where  X is  the  rate  of  economic 

/=(> 

depreciation  and  I is  fixed  nonresidential  investment. 

a = share  of  potential  output 

y~  the  rate  of  technological  progress  (that  is,  the  rate  of  increase  in  full  capaci- 
ty real  GNP  that  cannot  be  accounted  for  by  a change  in  either  the  si/e  and  composition 
of  the  labor  force  or  the  size  and  composition  of  the  capital  stock). 

(2)  Determinants  of  y.  Economic  theory  and  prior  econometric  studies  suggest  the 
following  possible  determinants  for  y:  (a)  R&D  spending;  (b)  an  industry  mix  variable; 
(r)  an  index  of  capacity  utilization;  (d)  an  index  of  labor  quality  reflecting  changes  in  age 
mix,  sex  mix,  health  levels,  and  educational  levels  of  the  labor  force;  and  (e)  an  index  of 
economies  of  scale.  After  considerable  experimentation,  we  found  the  latter  two  deter- 
minants to  be  insignificant  for  the  time  period  examined.  The  exclusion  of  economies  of 
scale  as  an  explanatory  variable  for  yean  be  justified  on  theoretical  grounds  since  this  vari- 
able is  generally  relevant  to  only  firm  [71  or  industry  or  underdeveloped  nation  studies. 
The  statistical  insignificance  of  the  labor  quality  variable  may  be  partly  explained  bv  the 
fact  that  some  of  its  characteristics  are  already  reflected  by  the  manner  in  which  we  con- 
structed the  labor  force  variable  used  to  generate  y.  Undoubtedly,  the  insignificance  of 
the  labor  quality  variable  is  also  partly  due  to  our  inability  to  reflect  significant  improve- 
ments (variability)  in  labor  education  and  training  over  an  observation  period  as  short  as 
1 5 years. 

Hence,  based  upon  both  theoretical  considerations  and  empirical  investigation,  we 
offer  the  following  conclusions  regarding  the  determinants  of  y.  First,  R&D  spending 
should  be  included  as  a determinant  and  should  be  subdivided  into  two  explanatory  vari- 
ables, namely,  NASA  R&D  spending  and  other  R&D  spending.  Secondly,  we  found  that 
both  R&D  variables  could  be  closely  approximated  by  a distributed  lag  structure  that  fol- 
lows the  general  shape  of  an  inverted  U-distribution;  that  is,  as  a result  of  an  increase  in 
R&D  spending  in  year  0,  modest  increase  in  the  productivity  growth  rate  begin  in  year  2, 
peak  in  year  5,  and  terminate  in  year  8.  The  actual  distributed  lag  weights,  determined  by 
Almon  method  and  used  in  the  study,  are  given  in  Table  3.  Thirdly,  an  industry  mix  vari- 
able should  also  be  used  in  the  equation  that  attempts  to  explain  movements  in  y.  This 
specification  is  necessary  to  capture  the  impact  on  y of  shifts  over  time  in  resource  allo- 
cation from  high-  to  low-technology7  industries.  Finally,  the  equation  explaining  y should 
also  indude  a capacity  utilization  variable  to  account  for  the  fact  that  shortages  and  bot- 
tlenecks reduce  productivity  growth  as  the  economy  approaches  full  capacity. 
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Table  3 

Distributed  Lag  Weights  for  R&D  Spending 


l ime  Lag  (Yrs.) 
0 
1 
2 

3 

4 

5 

6 
7 

8 and  later 


Proportional  Weight 
0.0 
0.0 
0.001 
0.104 
0.220 
0.232 
0.200 
0.123 
0.0 


The  Measured  Effect  of  R&L)  Spending  on  Productivity  Growth 

(1)  The  Regression  Equation.  The  final  regression  equation  which  was  used  to 
explain  y in  this  study  is  as  follows: 

7 = -1 .8 1 +0.420  X Aj(Ar/{/J).j+().()74  £ A,(  om)£f32r 

f=<)  h()  (l-L/0 

(3.9)  (2.0) 

+0.03 1 ( m - TM)-().  1 51(CP-Cp)  /72-  0.883 

(4.5)  (3.1)  DW  = 1 .95 

Sample  Period  1900—1974 

where:  NR1)  = NASA  R&D  spending  as  a proportion  of  GNP 
ORD  = other  R&D  spending  as  a proportion  of  GNP 
1M  = industry  mix  variable,  fraction 
Cp  = index  of  capacity  utilization,  percent 

19]  The  numbers  in  parentheses  below  the  regression  coefficients  represent  t-stalistics.  As 
can  be  seen  from  the  regression  results,  all  coefficients  are  statistically  significant  and  the 
overall  fit  of  the  equation  to  the  data,  as  measured  by  the  value  of  88.3  percent,  is 
impressively  high,  especially  for  a first  difference  equation. 

(2)  The  NASA  Contribution  to  y.  Using  the  regression  results  above,  we  found  that 
the  increased  levels  of  constant-dollar  (iNP  stemming  from  a $1  billion  increase  in  con- 
stant-dollar  NASA  R&I)  spending  in  1975  are  as  given  in  Iable  4.  For  purposes  of  this  c al- 
culation we  hold  the  baseline  level  of  (iNP  constant  and  ignore  all  interactive  and 
dynamic  demand  and  supply  multipliers.  As  will  be  explained  later,  the  actual  changes  in 
(iNP  will  be  considerably  larger  once  we  do  include  the  effect  of  these  multipliers. 
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Table  4 

Increase  in  GNP  per  Unit  Increase  in  NASA  R&D  Spending 
“Pure”  Productivity  Effects  Only 


Year 

Cumulative  Chai 

1975 

0 

1976 

0 

1977 

0 

1978 

0 

1979 

0.26 

1980 

0.96 

1981 

1 .90 

1982 

2.88 

1983 

3.74 

1984  and 

4.20 

succeeding  years 

[10|  The  rate  of  return  oil  NASA  spending  may  be  found  by  substituting  the  results  of 
fable  4 into  the  conventional  rate  of  return  formula,  increase  in  spending,  the  appropri- 
ate expression  would  be 


0.255  0.952  1.888  2.882  3.736 

+ + + + + 4.261 

( 1 = r) r>  (1  =-r)6  (l  = r)7  (l=r)«  (l  = r)w 


(1  + r)U) 


LOO 


where  r is  the  rate  of  return.  Solving  this  equation  yields  r = 43%  to  the  nearest  percent. 


If  we  resolve  the  equation  by  substituting 


4.26 


( l=r) 10 

infinite  life,  we  find  the  rate  of  return  diminishes  to  38%;. 


for  the  last  term,  thus  not  assuming  an 


Thus  an  increase  of  $1  billion  in  NASA  R&I)  spending  would  increase  productivity 
and  total  capacity  of  the  U.S.  economy  by  $4.26  billion  in  1984  and  each  succeeding  year. 
It  should  be  stressed  that  this  figure  stems  from  a $1  billion  increase  in  1975  and  then  a 
return  to  previous  spending  levels.  If  spending  were  to  remain  $1  billion  higher  indefi- 
nitely, the  first-order  supply  effects,  i.e.,  disregarding  interactive  and  dynamic  effects,  are 
shown  in  Table  5.  As  indicated  above,  the  actual  results  are  significantly  larger  because  of 
tin*  demand  and  multiplier  effects  calculated  by  simulating  the  Chase  macroeconomic 
model. 
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The  third  part  of  the  study  list's  the  relationship  which  has  been  developed  between 
NASA  R&D  spending  and  the  rate  of  technological  progress  to  translate  an  increase  in 
spending  into  a higher  overall  level  of  productivity  for  the  U.S.  economy.  This  sec  tion  fea- 
tures a number  of  simulations  with  the  Chase  Econometrics  macro  model  which  determine 
the  total  effect  of  higher  NASA  R&D  spending  on  the  economy  when  interactive  and 
dynamic  effects  are  taken  into  account.  These  simulations  consider  the  supply  side  of  the 
economy  as  well  as  the  demand  side,  and  stress  the  fact  that  real  GNP  can  be  expanded  by 
increasing  productivity  and  lowering  prices  as  well  as  by  increasing  government  spending. 


Cp  to  this  point  we  have  considered  only  the  static  supply  or  “pure”  productivity 
effects  of  NASA  R&D  spending.  We  now  employ  the  Chase  Econometrics  macro  model  to 
determine  the  effects  of  an  increase  of  $1  billion  in  constant  prices  (1958  dollars)  in 
NASA  R&D  spending.  We  assume  that  such  spending  is  increased  by  this  amount  at  the 
beginning  of  1975  and  remains  in  force  throughout  the  next  decade.  There  are  two  types 
of  effects  from  this  increased  spending. 

The  first  type  of  effect  is  the  ordinary  expenditure  (demand)  impact  of  increased  gov- 
ernment spending.  The  second  type  of  effect — this  ef  fect  being  what  really  differentiates 
NASA  R&D  from  other  types  of  government  spending — is  the  longer  run  impact  of  NASA 
R&D-induced  changes  in  the  rate  of  technological  progress.  These  changes  lead  to  an 
expansion  in  the  productive  capacity  of  the  economy  and  ultimately  lead  to  an  increase  in 
society’s  standard  of  living. 

(1)  The  Expenditure  (Demand)  Impact  of  NASA  R&D.  In  a period  of  economic 
slackness,  an  increase  in  government  spending  leads  to  increased  real  GNP  and  lower 
unemployment.  These  expenditure  effects  for  NASA  R&D  are  not  markedly  different 
than  those  experienced  for  most  increases  in  other  types  of  government  spending  or  for 
the  release  of  funds  to  the  private  sector  for  construc  tion.  It  should  be  noted,  however, 
that  NASA  R&D  expenditure  increases  have  a larger  impact  per  dollar  than  similar  spend* 
mg  on  welfare  or  low  productivity  type  job  programs. 

1 1 5 1 (2)  The  Important  Productivity  Impac  ts  of  NASA  R&D.  The  productivity  impacts  of 
NASA  R&D  generate  social  benefits  in  a somewhat  mote*  complex  manner.  We  have 
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already  shown  above  (Table  5)  the  magnitude  of  increase  which  will  occur  in  the  produc- 
live  capacity  of  the  economy  for  an  increase  in  NASA  R&D  spending.  However,  du  re  is  no 
automatic  iik  lease  in  demand  which  will  occur  just  because  total  supply  is  now  higher, 
and  until  this  newly  created  capacity  is  utilized  through  higher  demand  no  social  benefits 
arc  realized. 

I here  is  an  economic  mechanism  through  which  increased  supply  does  create  its  own 
demand.  Greater  R&D  spending  leads  to  an  increase  in  productivity,  primarily  in  the  man- 
ufacturing sector.  As  a result  of  this  increase,  less  labor  is  needed  per  unit  of  output.  This 
in  turn  lowers  unit  labor  costs,  which  leads  to  lower  prices.  Yet  this  dec  rease  is  not  imme- 
diately transferred  into  higher  output  and  employment.  As  prices  are  lowered  (or  grow  at 
a less  rapid  rate),  real  disposable  income  of  consumers  increases  at  a faster  rate. 
Consumers  can  then  purchase  a larger  market  basket  of  goods  and  services,  which  in  turn 
are  now  available*  because  the  production  possibility  frontier  has  moved  outward.  Yet  these 
decisions  are  not  instantaneous  and  friction-less,  as  they  would  be  in  an  oversimplified  sta- 
tic model.  We  do  not  see  significant  effects  of  increased  technology  on  aggregate  demand 


Results  of  Macroeconomic  Simulations 

Once  the  increase*  in  productive  capacity  has  worked  itself  into  aggregate*  demand 
through  the*  mechanisms  discussed  above,  real  growth  is  then  fairly  steady  as  can  be*  seen 
from  Table  0.  In  particular,  we  find  that  real  GNP  rises  near  $5  billion  per  year  faster  than 
would  be*  the  ease  under  [1 1]  (original  placement  of  Table  b ] [15]  the  baseline  simulation 
which  does  not  inc  lude*  increased  NASA  R&D  spending.  Thus  constant-elollar  GNP  is  $6  bil- 
lion higher  in  1980,  $10  billion  in  1981,  $14  billion  in  1982,  $18  billion  in  1988,  and  $28 
billion  higher  in  1984.  If  we  were  to  continue  this  simulation  farther  into  the  future,  we* 
would  find  that  the  gap  between  GNP  in  the  two  simulations  would  continue  to  increase  at 
approximately  $5  billion  per  year— $28  billion  in  1985,  $88  billion  in  1980,  and  so  on. 

(Table  0 originally  placed  here.] 

As  greater  productivity  is  translated  into  higher  demand,  we  find  that  the*  economy 
c an  produce  more  goods  and  services  with  the  same  amount  of  labor.  This  has  two  bene- 
ficial effects,  first,  unit  labor  costs  decline,  hence  lowering  prices.  Second,  lower  prices 
enable  consumers  to  purchase  more  goods  and  services  with  their  income,  lu-nce  leading 
to  further  increases  in  output  and  employment. 

We  find  that  the  consumer  price  index  grows  at  a slower  rate  with  higher  NASA  R&D 
spending  than  without,  and  is  a full  2%  lower  by  1984  than  would  otherwise  be  the*  case*. 
Onc  e again,  this  change  does  not  occur  in  the  early  years  of  the  simulation,  but  begins  to 
become  important,  in  1980. 

One  of  the  major  effects  of  the  higher  level  of  real  GNP  and  aggregate  demand  is  the* 
reduction  in  the  unemployment  rate  of  0.4%  by  1984.  Since  the  labor  force*  will  be* 
approximately  100  million  strong  by  that  date,  this  indicates,  as  a first  approximation,  an 
increase  of  400,000  jobs.  However,  if  we  take  into  account  the  increase  in  the  size  of  the 
labor  force,  the  total  will  rise  to  0.8  million  new  jobs.  The  increase  in  the  labor  force  will 
ocean  for  three  principal  reasons.  First,  the  derived  demand  for  labor  will  be  greater 
because  the  marginal  productivity  of  labor  has  increased.  Second,  the  ( 10]  supply  of  labor 
will  rise*  because  the  real  wage*  has  increased.  Third,  and  probably  most  important,  the 
increase  in  aggregate  demand  will  reduce*  the*  amount  of  hidden  unemployment  as  more 
entrants  join  the*  labor  force*. 

It  is  also  important  to  note  that  labor  productivity  rise's  substantially  as  a result  of  the 
increased  NASA  R&D  spending.  The*  index  of  labor  productivity  for  the*  private  nonfarm 
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Table6 

Change  in  Selected  Variables  With  an  Increase  in  NASA  R&D  Spending  of  $1  Billion 


1975 


1976 


1977 


1978 


Gross  National  Product,  Billions  of  1958  Dollars 


Base 

788.1 

881.0 

869.6 

NASA 

790.2 

886.5 

871.7 

< liange 

2.1 

2.5 

2.1 

% Change 

.8 

.8 

Consumer  Price  Index, 

1967  = 100.0 

Base 

161.1 

178.9 

188.4 

NASA 

161.0 

178.8 

188.4 

( liange 

-0.1 

-0.1 

0.0 

% Change 

0.0 

0.0 

0.0 

Rate  of  Inflation,  % 

Base 

9.1 

7.9 

8.8 

NASA 

9.1 

7.9 

8.8 

Change 

0.0 

0.0 

0.0 

Unemployment  Rate,  % 

Base 

9.0 

8.2 

7.1 

NASA 

8.9 

8.0 

7.8 

( liange 

-0.1 

-0.2 

-0.1 

Employees  on 

Payrolls,  Millions 

Base 

76.9 

79.9 

82.8 

NASA 

77.0 

80.0 

82.9 

( liange 

0.1 

0.1 

111 

% Change 

0.1 

0.1 

0.1 

859.  H 
862. 1 
2.8 
.8 


201.9 

201.7 

-0.2 

11.1 


868.5 
871 .7 
8.2 
A 


219.1 

219.0 

-0.1 

-0.2 


8.7 
8.6 
-0. 1 


8.6 

8.5 

-0.1 


88.8 

88.1 

0.1 

0.1 


Index  of  Industrial  Production,  Manufacturing  Sector,  1967  = 


Base 

109.1 

120.2 

1 29.6 

125.8 

NASA 

109.9 

121.2 

180.5 

126.8 

( liange 

0.8 

1.0 

0.9 

1.0 

% ( liange 

0.7 

0.8 

0.7 

0.8 

Index  of  Labor  Productivity,  1967  = 100.0 

Base  110.2  112.1  118. 

NASA  110.8  112.2  118. 

Change  0.1  0.1 

% Change  0.1  0.1 


1 18.8 

18.1 

0.1 

0.1 


Change  in 

l>abor  Productivity, 

Base 

-0.4 

NASA 

-0.8 

( liange 

0.1  ( 

Base 

baseline  pm 

NASA 

an  in* reuse  < 

( liange 

- NASA  - Base 

% ('liange 

NASA  Base 
Bast' 

1.1 

1.1 

0.0 


I 12.5 
I 12.7 
0.2 
0.2 


-0.7 

-0.6 

0 1 


7.1 

7.0 

-0.1 


9.9 

9.8 

-0.1 


88.2 

88.8 

0.1 

0.1 

100.0 

122.4 

128.5 

II 

0.9 


1 15.2 
1 15.5 
0.8 
0.8 


1980 


922.4 

928.6 

6.2 


282.0 

281.0 

-1.0 

-0.5 


9.2 

9.1 

-0.1 


85.8 

85.5 

0.2 

0.2 


182.6 

181.8 


120.1 

120.8 


4.8 

4.1) 

0.8 


1981 

1982 

1983 

1984 

977.7 

1012.2 

1059.6 

1090.8 

988.0 

1085.0 

1077.1 

1 1 14.1 

10.8 

18.8 

17.8 

28.8 

1.1 

1.1 

1.7 

2.1 

244.2 

257.0 

270.9 

286.5 

242.2 

254.0 

266.9 

280.7 

~ -7o 

-8.0 

-4.0 

-5.8 

-0.8 

-II 

-1.5 

-2.0 

5.2 

r 

5.4 

5.8 

1.9 

4.9 

5.0 

5.8 

-0.8 

41.8 

-0,4 

4 >.5 

8.0 

7. 1 

6.5 

6.0 

7.7 

6.8 

111 

5 6 

-0.8 

41.8 

-0.4 

-0.4 

88.1 

90.5 

92.5 

94.8 

88.4 

90.9 

98. 1 

95. 1 

0.8 

0.4 

0.6 

0.8 

0.8 

0.4 

0.6 

0.8 

145.8 

154.6 

162.2 

1684i 

148.1 

1 58. 1 

1 66.5 

174.0 

2.8 

8.5 

4.8 

5.4 

1.9 

2.8 

2.7 

8.2 

128.9 

126.9 

129.9 

1824) 

125.1 

1284) 

182.0 

181.7 

1.2 

1.7 

2.1 

2.7 

1.0 

1.8 

1.6 

2.0 

8.2 

2.4 

2.4 

1.6 

8.6 

2.7 

2.7 

2.0 

0.4 

0.8 

0.8 

0.4 

ection  with  current  estimates  of  NASA  RK1)  spending  lot  next  decade. 

>1  SI  billion  in  1958  dollars  in  NASA  R&l)  spending. 

Since  the  imemnloymcni  rale  is  already  given  in  percentage  terms, 
we  do  not  calculate'  (Ins  item  lor  unemployment 


sector  grows  at  a rale  of  2.75%  during  the  1980-1984  period,  compared  to  an  average 
annual  rise  of  2.40%  with  no  increase  in  spending.  By  1984  the  level  of  labor  productivity 
is  2.0%'  higher  than  the  baseline  projection. 

Further  details  and  comparisons  are  given  in  I able  6 for  a $1  billion  inciease  in  NASA 
R&L)  spending.  We  also  calculated  alternative  runs  for  $0.5  and  $0.1  billion  and  found 
that  the  results  were  approximately  linear  for  other  levels  of  spending  c hange  of  equal  or 
smaller  magnitude.  Similarly  a decrease  in  NASA  R&l)  spending  of  $1  billion  would  have 
reverse  effects  of  the  same  magnitude  on  economic  activity. 
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Significance  and  Reliability  of  Findings 


Significance  of  Findings 

One  does  not  need  an  econometric  model  to  show  that  an  increase  in  government 
spending  will  raise  GNP  and  lower  unemployment.  We  learned  many  years  ago  that  it  is 
easy  to  spend  our  way  out  of  a recession  if  no  other  constraints  are  involved.  Yet  having 
just  recently  come  from  the  realm  of  double-digit  inflation  and  the  first  postwar  decline 
in  labor  productivity,  [17]  it  is  clear  that  alternative  policies  must  be  examined  not  only 
from  tin*  point  of  view  of  their  effect  on  demand  and  employment  but  on  the  real  growth 
rate  and  the  rate  of  inflation  as  well. 

NASA  R&I)  spending  increases  the  rate  of  technological  change  and  reduces  the  rate 
of  inflation  for  lwro  reasons.  First,  in  the  short  run,  it  redistributes  demand  in  the  direc- 
tion of  the  high-technology  industries,  thus  improving  aggregate  productivity  in  the  econ- 
omy. As  a result,  NASA  R&D  spending  tends  to  be  more  stabilizing  in  a recovery  period 
than  general  government  spending. 

Second,  in  the  long  run,  it  expands  the  production  possibility  frontier  of  the  econo- 
my by  increasing  the  rate  of  technological  progress.  This  improves  labor  productivity  fur- 
dun,  which  results  iti  lower  unit  labor  costs  and  hence  lower  prices.  A slower  rate  of 
inflation  leads  in  turn  to  a more  rapid  rise  in  real  disposable  income  permitting  con- 
sumers to  purchase  the  additional  goods  and  services  being  piodueed  and  genet ating 
greater  employment. 

In  assessing  these  results,  we  once  again  stress  the  importance  of  distinguishing 
between  demand  and  supply  e ffects.  A $1  billion  increase  in  NASA  spending  will  have  an 
immediate  effect  on  real  (iNF,  raising  it  approximately  $2.1  billion  the  first  year  and  $2.5 
billion  the  second  year.  These  demand  multiplier  effects  are  not  markedly  different  than 
those  which  would  have  occurred  for  a similar  increase  in  other  purchases  of  goods  and 
service's  by  the  government  sector  or  for  release  of  funds  to  the  private  sector  for  con- 
struction projects.  They  arc',  however,  substantially  higher  than  tin*  effects  which  would  be 
obtained  from  a $1  billion  increase  in  transfer  payments  or  low-productivity  jobs  pro- 
grams. In  particular  we  have*  found  that  the  demand  multiplier  is  smallest  and  the*  increase 
in  inflation  is  largest  for  a [18|  unit  change  in  transfer  payments.  When  wc*  turn  to  the* 
supply  side,  however,  the  multiplier  effects  of  lowering  prices  and  increasing  real  income 
arc*  more  than  twic  e as  large*.  Other  government  spending  programs  which  do  not  expand 
the  production  possibility  frontier  and  improve  productivity  have  no  additional  effect  on 
the  economy  alter  the*  initial  increase  in  demand. 

Reliability  of  Findings 

The  results  found  for  the  equation  estimating  y are  all  in  agreement  with  economic 
theory,  as  the  signs  and  magnitude  of  the  coefficients  are  within  the  range  expected  f rom 
a priori  expectations.  Similarly,  the  statistical  results  indicate  a high  degree  of  correlation 
and  no  bias  in  the  regression  coefficients,  or  the  goodness-of-fit  statistics  or  the  standard 
errors  of  estimate.  In  addition,  the  results  are  in  accord  with  the  findings  of  other  econo- 
metric studies.  Nevertheless,  a number  of  criticisms  have  been  raised  about  the  final  equa- 
tion for  y,  suggesting  that  the  results  might  be  significantly  different,  if  relatively  minoi 
changes  were  made  to  the  function.  These  suggested  changes  focus  on  three  areas;  the 
choice  of  y(;  (the  CEA  series)  instead  of  yD  (the  Denison  series),  tin*  inclusion  of  the  Up 
term  by  itself  and  in  conjunction  with  ORD,  and  the  exclusion  of  the  indexes  of  labor 
quality,' particularly  the  level  of  education.  To  test  the  validity  of  these  suggestions,  we  cal- 
culated sixty  regression  equations,  including  a “least  favorable  case*  which  incorporated 
all  of  the  above  changes.  The  sample  period  fits  are  some-what  worse,  indicating  that  yn 
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contains  a larger  random  component  than  y(;,  but  the  coefficient  of  the  term  for  NASA 
R&D  spending  is  similar  for  these  regressions.  Even  the  “least  favorable”  case  does  not 
change  the  general  conclusions  of  the  study  concerning  either  the  rate  of  return  or  the 
economic  impact  of  changes  in  NASA  R&D  spending. 

Document  111-5 

Document  title:  Robert  D.  Shriner,  Director  of  Washington  Operations,  Chase 
Econometrics,  to  Henry  Hertzfeld,  NASA,  April  15,  1980. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

In  1980,  NASA  commissioned  Chase  Econometrics  to  redo  its  1976  study  {Document  1 1 1-4),  this  time 
taking  into  account  changes  in  the  overall  business  cycle  and  possible  statistical  er  rors  that  might  have 
accounted  for  the  results  of  the  earlier  study.  In  the  19H0  analysis , Chase  found  that  the  percentage 
of  overall  R& D for  which  NASA  accounted  was  so  small  that  the  quantitative  results  that  showed  the 
benefits  from  NASA  R&D  were  statistically  insignificant.  The  study  did  not  conclude  that  benefits 
did  not  occur,  only  that  this  type  of  economic  tool  was  not  capable  of  precise  measurement,  given  the 
quality  oj  the  data  available.  This  is  the  letter * that  accompanied  the  1980  report,  “ t he  Economic 
Impact  of  NASA  R&D  Spending,  an  Update,  ” by  Chase's  Darn’d  A/.  Cross  under  Contract  No. 
NASW-3345,  dated  March  1980. 


April  15,  1980 


Dr.  Henry  Hertzfeld 

National  Aeronautics  and  Space  Administration 

Room  6138,  E()B#6 

400  Maryland  Avenue,  S.W. 

Washington,  D.C.  20546 

Dear  Henry: 

Chase  Econometrics  is  pleased  to  transmit  herewith  10  copies  of  the  final  report  of 
our  efforts  under  Contract  NASW-3345  to  update  the  1976  study  of  the  economic  impact 
of  NASA  R&D  spending. 

As  you  are  aware,  major  technical  problems  were  encountered  in  the  course  of  the 
study  which  ultimately  led  to  the  decision  to  abandon  an  attempt  to  prepare  a 10-year 
macro  simulation  because  the  estimates  of  several  variables  developed  in  preliminary 
work  were  judged  unstable  and  unreliable.  The  problems  encountered  in  trying  to  repli- 
cate the  prior  study  with  an  expanded  time  series  calls  into  serious  question  the  soundness 
of  results  obtainable  from  this  sort  of  “macro”  level  approach  to  the  estimation  of  returns 
to  NASA  R&D  expenditures.  While  it  is  possible  that  some  of  these  dif  ficulties  could  be 
overcome  if  more  time  and  effort  were  devoted  to  the  task,  there  are  conceptual  simplifi- 
cations implicit  in  the  aggregate  approach  that  will  not  disappear  with  more  work.  We 
have  noted  these  in  our  report. 

Our  experience  and  that  of  other  investigators  in  this  general  area  suggests  that  fur- 
ther attention  should  be  focused  in  the  future  on  the  examination  of  effects  at  a more 
micro  level.  Industry  case  studies  (for  which  much  data  already  exists)  and  interindustry 
studies  would  he  mutually  complementary  and  should  provide  significant  new  insights. 
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David  Cross  and  I will  be  glad  lo  discuss  details  of  our  analysis  and  conclusions  with 
you  at  any  time. 


(Cordially, 

[hand-signed  "Bob”  | 

Robert  D.  Shriner,  Ph.D. 

Director  of  Washington  Operations 

Document  111-6 

Document  title:  “Economic  Impact  and  Technological  Progress  of  NASA  Research  and 
Development  Expenditures,”  Executive  Summary,  Midwest  Research  Institute,  Kansas 
City,  Missouri,  for  the  National  Academy  of  Public  Administration,  September  20,  1988, 
pp.  1-4. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  Midwest  Research  Institute  study  of  NASA  economic  impacts  replicated  the  methodology  of  the 
1 97 1 analysis  and  calculated  a nine-lo-one  return.  Modifications  of  the  economic  methodology  that 
had  been  developed  subsequent  to  1971  were  employed , and  the  results  were  subjected  to  sensitivity 
analysis.  This  study  was  mainly  a postscript  to  earlier  studies — it  did  not  add  anything  significant- 
ly new  to  the  prnnous  results , and  it  met  with  similar  technical  iriticisms  as  had  the  prior  macroeco- 
nomic analyses  performed  by  Chase  in  1976  (Document  I 11-4),  and  the  Midwest  Research  Institute 
in  1971  (Document  1 1 1-3).  What  follows  is  the  Exemtive  Summary  from  Volume  1,  Executive  Report. 


Economic  Impact  and  Technological  Progress  of 
NASA  Research  and  Development  Expenditures 

|1|  EXECUTIVE  SUMMARY 

“Thirty  years  ago,  there  was  no  satellite  communications  industry.  Today  that  industry 
generates  gross  annual  revenues  from  sales  of  services  and  equipment  exceeding  $6  billion, 
provides  an  indispensable  service  to  people,  businesses,  and  governments  throughout  the 
world — and  is  responsible  for  returning  more  each  year  in  tax  revenues  than  the  entire  30- 
year  NASA  investment  cost  to  U.S.  taxpayers. 

“Perhaps  even  more  significant,  although  not  as  obvious,  is  NASA's  role  in  driving 
technologies  which  benefit  the  U.S.  economy  and  the  nation’s  security  across  the  hoard. 
Requirements  posed  by  NASA  programs  like  Apollo,  planetary  exploration,  and  the 
Shuttle  have  produced  miniaturized  electronics,  power  systems  and  components,  auto- 
matic checkout  equipment,  computers  and  software,  high-volume  data  processing  and 
communication,  guidance  and  control  systems,  high-strength  materials— the  list  is  virtu- 
ally endless.  These  technologies  have  transformed  American  business,  spawned  hundreds 
of  new  products  and  services,  and  made  innumerable  contributions  to  national  defense.”1 


1.  *T he*  Civil  Spac  e-  Program:  An  Investment  in  Americ  a,”  Report,  Americ  an  Institute  of  Aeronautic  s 
and  Astronautics  Workshop.  Airlie  Mouse,  Virginia,  November  17-18, 
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In  1971  the  National  Aeronautics  and  Space  Administration  commissioned  Midwest 
Research  Institute  (MRI)  to  conduct  a macroeconomic  analysis  to  measure  the  extent  of 
the  benefits  of  NASA  R&D  expenditures  on  growth  in  the  l .S.  economy.  This  research  was 
augmented  with  two  case  studies,  synchronous  communication  satellites  and  space  crew 
support  systems.  The  case  studies  detailed  the  substantive  contributions  and  benefits  of 
these  NASA-related  technologies  to  NASA  programs,  the  private  sector,  and  the  American 
public  in  general.  The  study  was  well  received  and  was  used  extensively  by  NASA  in  the 
1970s  to  depict  its  role  in  U.S.  economic  growth  and  technology  transfer. 

In  the  fall  of  1987,  NASA  commissioned  the  National  Academy  of  Public 
Administration  (NAPA),  with  MRI  as  a subcontractor,  to  conduc  t further  research  and  to 
evaluate  NASA  contributions  in  the  1948-1980  time  frame.  The  objectives  of  this  latest 
study  are  to: 

• Measure  the  impact  of  technological  change*  on  the  economic  growth  of  t he 
nation  and  characterize  NASA’s  contribution  to  the  growth  process. 

• Identify  linkages  between  the*  technology  generated  by  selected  NASA  missions 
and  the  broader  economic  benefits. 

• Identify  and  characterize  future  benefits  of  selected  NASA  programs. 

|2]  • Identify  and  characterize  the  economic  impact  of  continued  investment  in  NASA 
R&D  programs. 

4 his  Executive  Report  presents  MRI’s  findings  and  conclusions. 

A primary  objective  of  the  earlier  study  by  MRI  was  to  measure  the  impact  of  R&D 
expenditures  on  the  national  economy.  While  R&D  expenditures  do  have  a nearly  imme- 
diate economic  impact  through  employment  and  payroll,  the  primary  economic  effects  of 
R&D  are  felt  over  time.  The  1971  study  findings  indicated  that  the  average  dollar  spent 
on  R&D  returns  about  $7  in  technology-induced  economic  gain  over  an  18-year  period 
following  the  expenditure. 

The  approach  MRI  took  in  the  1971  study  was  based  on  methodologies  developed  by 
Dr.  Robert  Solow.-  Dr.  Solow  was  honored  in  1987  with  a Nobel  Prize  for  Economics  for 
his  pioneering  work  in  measuring  total  factor  productivity.  The  approach  MRI  used, 
though  relatively  new  at  the  time,  has  stood  up  under  critical  review  in  the  17-year  period 
following  the  release  of  the  report. 

MRI’s  current  study  has  been  designed  to  be  similar  in  approach  and  content  to  the 
1971  study.  The  1988  study  primarily  uses  Dr.  Robert  Solow’s  approach  in  measuring  the 
impact  of  technology  on  economic  growth,  but  it  incorporates  refinements  developed  by- 
other  economists  in  recent  years.'  Ihe  1971  study  estimated  economic  impact  during  the 
period  of  1948  to  1968;  the  1988  study  covers  not  only  the  original  period  but  extends  the 
estimates  through  1986.  The  findings  of  the  1988  study,  which  incorporate  essentially  the 
same  qualifying  assumptions  as  in  1971,  are: 

• R&D  expenditures  have  been  an  excellent  national  investment. 

• On  the  average,  each  dollar  spent  on  R&D  returns  about  $9  in  technology- 
induced  economic  gain  over  an  18-year  period  following  the  expenditure. 


2.  Robert  M.  Solow,  ‘Technical  Change  and  the  Aggregate  Production  Function,”  Ihe  Rn <iew  of 
Economics  and  Statistics,  August  1957. 

T Edward  1 Denison,  U fty  (rtvwth  Rates  Differ:  Postwar  Experience  in  \hne  Western  ('on nines  (Washington. 
D.C.:  Brookings  Institution,  I9B7);  Accounting  Jor  l .S.  Economic  Growth,  /929-/W>9  {Washington,  DC.:  Brookings 
Institution,  1974};  Accounting  for  Slower  Economic  Growth:  The  l hated  States  in  the  I<*70s  (Washington.  DC.: 
Brookings  Institution.  1979);  and  Trends  in  American  Eronomic  Growth,  1 9,V2  (Washington,  DC.:  Brookings 
Institution.  I9S5).  Also,  reviews  and  comments  by  Drs.  Z.  Criliches,  J,  Kendrick,  E.  Denison,  and  N.  Terlec kyj. 
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• The  discounted  rate  of  return  ranges  from  19  to  35  percent  annually  (depending 
on  the  assumptions  made  regarding  the  time-lag  relationships  between  an  R&D 
expenditure  and  its  contribution  to  productivity  growth). 

[3]  • The  $148  billion,  in  1982  dollars,  spent  on  NASA  R&D  during  the  1960  to  1986 

period  lias  returned  to  the  U.S.  economy  at  least  $950  billion  through  1986  and 
will  continue  to  produce  payoff  through  2004,  at  which  time  the  total  payoff  will 
be  an  estimated  $1,338  billion. 

MRI  used  the  payback  coefficient  of  $9  to  $1  to  measure  the  economic  impact  of 
NASA  R&D.  The  $9  to  $1  payback  is  slightly  higher  than  the  estimate  of  $7  found  in  the 
earlier  study.  Differences  in  these  results  are  attributable,  for  the  most  part,  to  method- 
ological refinements  developed  in  the  1971  to  1988  time  period. 

Any  economic  estimation  requires  an  approach  based  on  certain  underlying  assump- 
tions. Critics  of  the  production  function  approach  as  it  is  applied  to  NASA  R&D  in  this 
study  may  have  concerns  that  (1)  the  gains  ascribed  to  the  stock  of  technical  knowledge 
measured  by  R&1)  expenditures  are  overstated  and  (2)  there  is  no  empirical  evidence  for 
the  assumption  that  NASA  R&D  is  representative  of  the  average*  of  all  R&D. 

To  address  the  first  issue,  MRI  conducted  a sensitivity  analysis  which  showed  that  a 
10  to  30  percent  overestimalion  of  the  economic  gains  attributable  to  R&D  would  reduce 
the  R&D  payback  from  $9  to  a range  of  $8.50  to  $6.50.  If,  in  fact,  the  MRI  payback  figure 
is  overestimated  even  by  the  worst  case  of  30  percent  and  the  coefficient  is  more  in  the 
range  of  6.5  to  1,  the  $118  billion  spent  on  NASA  R&D  during  tin*  1960  to  1986  period 
would  return  an  estimated  $966  billion  rather  than  tin*  $1,338  billion  estimated  return 
from  a 9-to-l  payback.  In  either  case,  the  payback  from  NASA  R&D  would  be  substantial. 

The  second  principal  assumption  in  the  MRI  study  is  that  NASA  R&D  expenditures 
have  the  same  economic  payoff  as  the  average  of  all  R&D.  In  other  words,  NASA  R&D  is 
assumed  to  contribute  as  much  to  productivity  growth  as  the  average  of  all  R&D.  To  illus- 
trate and  support  this  assumption,  MRI  selected  two  case  studies  to  trace  how  technology 
developed  by  specific  NASA  missions  has  been  applied  commercially: 

• Digital  communications — including  the  use  of  error-correcting  codes  and  data 
compression  in  processing  digital  signals  for  modern-day  digital  communication 
and  data  storage. 

• Civil  aeronautics  performance  and  efficiency — centering  on  a series  of  advances 
in  aerodynamic  drag  reduction,  advances  in  propulsion,  and  advances  in  night 
control  technology. 

MRI  chose  these  two  from  a list  of  over  250  major  NASA  technologies.  Our  results  from 
these1  two  case  studies,  as  well  as  the  knowledge  we  have  gained  in  reviewing  the 
250  principal  NASA  technologies,  indicate  a very  high  payback  from  the  NASA  R&D  invest- 
ment. In  narrowing  the  possibilities  to  two,  MRI  visited  all  of  the  major  NASA  R&D  centers 
and  reviewed  NASA’s  research  and  technology  operating  plans  (RTOPS),  NASA’s  Tech 
Briefs  and  Spinof  fs,  and  key  NASA  patents.  During  the  course  of  the  project,  MRI  staff  inter- 
viewed over  200  NASA  personnel  familiar  with  past  and  current  technological  achievements. 

(4)  The  MRI  study  team  chose  the  case  studies  to  be  representative  of  the  breadth  and  diver- 
sity of  NASA  programs.  The  team  sought  to  include  both  sides  of  NASA — aeronautics  and 
space — and  to  select  two  vastly  different  technologies — incremental  vs.  leapfrogging 
advances — -yet  with  common  characteristics  from  the  point  of  view7  of  their  beneficial  offspring. 

It  is  clear  that  without  NASA's  mission  objective  of  communicating  in  deep  space,  digi- 
tal communications  would  not  be  as  advanced  as  it  is  today.  “NASA  pushed  this  technology 
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further  than  any  other  entity.”4  The  work  of  the  MRI  research  team  documents  that 
NASA’s  support  and  extensive  R&D  funding  made  possible  many  comprehensive  and 
ground-breaking  advancements  in  coding  theory.  For  many  years  coding  was  considered 
to  be  an  esoteric  and  impractical  approach  to  communications,  yet  it  provided  NASA  an 
excellent  alternative  to  adding  weight,  power,  and  complexity  to  spacecraft.  The  case 
study  of  digital  communication/error-correcting  codes  illustrates  how  a technology 
advanced  by  NASA  to  meet  the  mission  requirements  for  deep  space  communications  has 
spawned  a family  of  high  performance  and  productivity-enhancing  electronic  devices  with 
annual  sales  expected  to  reach  over  $17  billion  by  1990. 

Likewise,  NASA’s  role  in  civil  aeronautics  is  a good  example  of  why  the  United  States 
has  a decided  edge  in  the  world's  commercial  aircraft  market.  Improvements  in  civil  aero- 
nautics performance  and  ef  ficiency  have  spanned  some  70  years  since  the  early  days  of  the 
National  Advisory  Committee  [for]  Aeronautics  (NACA).  This  report  summarizes  a series 
of  advances  aimed  at  enhancing  the  performance  and  ef  ficiency  of  civil  aircraf  t.  The  cases 
cited  are  intended  to  illustrate  the  complex  paths  by  which  new  knowledge  applicable  to 
the  design,  construction,  and  operation  of  modern  aircraft  comes  into  being;  the  inter- 
actions between  the  aerospace  industry  and  government  centers  of  research  and  technol- 
og)'; the  numerous  evolutionary  changes  and  improvements  that  are  contributed  from 
many  sources;  and  the  often  prolonged  period  of  time  required  to  validate,  demonstrate, 
and  refine  technological  advances  before  they  become  accepted  commercially  and  wide- 
ly used. 

As  a result  of  NASA’s  continuing  R&D  in  aeronautics,  man  can  fly  farther,  faster,  high- 
er, and  more  ef  ficiently  and  safely  than  thought  possible  20  years  ago. 

This  Executive  Report  summarizes  the  economic  impact  of  NASA’s  research.  Part  I 
explains  the  methodology,  findings,  and  projections  of  economic  benefits  resulting  from 
NASA  R&D.  Part  II  presents  the  technolog)'  advances  and  resulting  benefits  from  digital 
communications,  civil  aeronautics  performance  and  efficiency,  and  seven  future  technol- 
ogy areas.  . . . 


Document  111-7 

Document  title:  “NASA  Report  May  Overstate  the  Economic  Benefits  of  Research  and 
Development  Spending,”  Report  of  the  Comptroller  General  of  the  United  States, 
PAD-78-18,  October  18,  1977,  pp.  i-iii. 

Source:  General  Accounting  Office  Library,  General  Accounting  Office,  Washington,  D.C. 

Democratic  Senator  William  Troxmire  of  Wisconsin  commissioned  the  Government  Accounting  Office 
(GAO)  to  review  the  1976  Chase  study  (Document  111-4).  tie  cause  of  the  study's  somewhat  unusual 
approach  to  macroeconomic  forecasting,  the  GAO  was  critical  of  its  findings  and  concluded  that  case 
studies  of  innovation  and  benefits  were  more  telling  of  NASA  impacts  than  overall  budget /economy 
calculations . During  this  era , there  was  a general  belief  that  R&I)  was  an  economic  invest  ment  with 
a good  payoff  to  society,  but  economic  models , and  particularly  macroeconomic  models , were  not  con- 
sidered definitive  evidence  of  long-term  projected  benefits.  The  following  are  the  opening  pages  of  the 
GAO  report. 


Interview  with  li  ving  Reed  at  hi*  olfiee  at  the  liiiversitv  of ‘Southern  California,  April  2N,  19K8. 
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NASA  Report  May  Overstate  the  Economic  Benefits 
of  Research  and  Development  Spending  . . . 

The  National  Aeronautics  and  Space  Administration  (NASA)  contracted  with  Chase 
Econometrics  Associates,  Inc.,  to  evaluate  how  Government  research  and  development 
spending,  particularly  NASA’s,  affects  the  U.S.  economy. 

Chase’s  report  “The  Economic  Impact  of  NASA  R&D  Spending"  concluded  that  this 
spending  produced  many  benefits  between  19(>()  and  19/1.  I he  study  did  not  tty  to  eval- 
uate how  effectively  NASA  carried  out  its  primary  objectives,  such  as  space  exploration 
and  satellite  communication.  NASA  cited  the  Chase  study  in  its  197b  appropriations  hear- 
ings as  evidence  of  certain  beneficial  effects  of  research  and  development. 

The  Chase  study  does  not  prove  convincingly  that  the  benefits  are  as  large  as  stated. 
The  study  is  useful  as  exploratory  research,  but  other  types  of  studies  are  necessary  to  pio- 
vide  a complete  evaluation  of  NASA  research  and  development. 

The  most  significant  conclusion  of  the  Chase  study  is  that  ".  . . a $1  billion  sustained 
increase  in  NASA  R&l)  spending  will  raise  real  GNP  $23  billion  by  1984.  ...  Of  this  esti- 
mated increase,  $21  billion  would  result  from  improved  technology  and  productivity,  and 
the  rest  would  result  from  increased  Government  spending,  which  stimulates  spending  in 
different  parts  of  the  economy. 

Since  similar  increases  would  result  from  Government,  spending  on  other  piojects, 
such  as  welfare  programs,  the  “multiplier  effects"  alone  do  not  justify  more  NASA  research 
and  development  spending.  For  this  reason,  GAO  focused  on  projected  technological 
improvement. 

( ii  | The  Chase  conc  lusions  are  questionable  from  three  points  of  view: 

— The  results,  even  if  accepted  as  accurate,  do  not  provide  the  type  of  information 
needed  to  determine  whether  NASA’s  spending  should  increase  or  decrease.  The 
estimates  are  of  average,  rather  than  incremental,  effects.  Therefore  they  do  not 
show  whether  more*  spending  for  research  and  development  would  result  in  as 
many  benefits  as  before.  Within  NASA  s budget,  the  most  productive  oi  utipio- 
d uc live  projects  or  types  of  spending  have  not  been  spelled  out. 

— Even  if  the  Chase  approach  is  accepted,  the  techniques  used  had  certain  short- 
comings. Plausible  and  seemingly  minor  changes  in  the  study’s  assumptions  lead 
to  major  changes  in  the  results.  Under  some  of  these  alternatives,  NASA  research 
and  development  seemed  to  have  no  great  effect  on  productivity.  Such  sensitivity 
to  small  changes  in  methodology'  indicates  considerable  uncertainty  in  (’base’s 
results. 

Basically,  the*  results  depend  upon  statistical  correlation  between  NASA  research 

and  development  spending  and  changes  in  a measure  of  gross  productivity  in  the 
U.S.  economy.  No  information  on  specific  NASA  projects  or  on  the  adoption  of 
new  techniques  by  private  business  is  used  in  the  study.  Because  of  problems  in 
measuring  total  productivity  in  the  economy  and  because  other  possible  causes  of 
technological  progress  were  ignored,  the  correlations  may  not  indicate  a true 
c ause-and-effect  relationship. 

Although  the  methodology  of  a particular  study  may  be  questioned,  the  importanc  e 
of  evaluating  NASA’s  programs  is  undiminished.  NASA  has  clearly  been  an  important 
source  of  technical  progress  in  recent  years. 
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[iiij  RECOMMENDATION  TO  THE  ADMINISTRATOR  OF  NASA 


Future  evaluation  studies  should  look  at  specific  innovations,  their  effect  on  spec  ific 
industries,  and  the  process  by  whic  h NASA  expenditures  for  research  and  development 
improve  productivity  in  the  economy.  In  other  words,  some  of  the  more  important  inno- 
vations, rather  than  the  total  budget,  could  be  examined,  and  individual  technological 
improvements  in  individual  industries,  rather  than  gross  national  product  figures,  could 
be  studied.  GAO  believes  that  such  studies  would  give  the  Congress  a more  accurate  pic- 
ture of  what  taxpayers  are  getting  for  their  money. 

MATTER  FOR  CONSIDERATION  BY  THE  CONGRESS 

Iechnical  studies  arc1  frequently  presented  to  the*  Congress  in  support  of  agency  bud- 
gets and  as  evidenc  e for  or  against  proposed  legislation.  When  important  questions  are  at 
stake,  such  studies  should  be  subjected  to  independent  examination  and  appraisal. 

AGENCY  COMMENTS 


In  general,  NASA  as  well  as  ('base  Econometrics,  Inc.,  agreed  with  our  assessment  of 
the  (-base  report.  . . . 


Document  ill-8 

Document  title:  Martin  D.  Robbins,  John  A.  Kelley,  and  Linda  Elliott,  “Mission-Oriented 
R&D  and  the  Advancement  of  Technology:  The  Impact  of  NASA  Contributions,”  Final 
Report,  Industrial  Economics  Division,  Denver  Research  Institute,  University  of  Denver, 
Contract  NSR  06-004-063,  May  1972,  pp.  iii-iv,  25-39,  59. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

During  (he  late  1960s  and  early  1970s,  the  Denver  Research  institute  supported  NASA's  technology 
transfer  program.  This  study  reported  the  results  of  inter  views  with  A'TS/l  personnel  on  the  type  and 
field  of  technology  on  which  their  work  had  an  impact.  The  conclusions  that  impacts  wne  indirect 
and  were  often  due  to  the  speed-up  of  Imaging  a new  technology  to  the  market  presented  a different 
perspective  to  the  more  aggregated  national  benefits  measured  try  the  1971  Midwest  Research  Institute 
study.  The  following  are  excerpts  of  the  report . 


Mission-Oriented  R&D  and  the  Advancement  of 
Technolog)':  The  Impact  of  NASA  Contributions 

[iii]  MAJOR  FINDINGS 

Primary  objective  of  this  study  was  to  identify  and  characterize  the  nature  of  NASA 
contributions  to  the  advancement  of  major  developments  in  several  selected  fields  of  tech- 
nology. Major  developments  were  identified  through  interviews  with  recognized  leaders 
in  each  of  the  selected  fields  while  NASA  contributions  wen1  identified  through  interviews 
with  NASA  scientists,  engineers  and  administrators  and  ail  extensive  search  of  the  NASA 
and  non-NASA  literature. 


Exploring  thk  Unknown 
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I he  major  findings  of  the  study  follow: 

1.  NASA  < onti  ihutions  to  the  advancement  of  major  developments  in  the  selected 
fields  of  technology  appear  to  be  broader,  more  complex  and  more  indirect  than  has  been 
realized  to  date.  The  number  of  NASA  contributions  that  find  direct  nonaerospace  appli- 
cations represent  only  a small  fraction  of  the  large  number  of  contributions  that  advanc  e 
the  state  of  technology  in  a field. 

2.  len  dominant  types  of  NASA  contributions  to  the  advancement  of  major  devel- 
opments were  identified.  Individual  contributions  identified  in  this  study  embodied  from 
one  to  all  te  n types.  A fu*  types  include:  developing  new  knowledge;  developing  new  tech- 
nology; demonstrating  the  application  of  new  technology  for  the  first  time;  augmenting 
existing  technology;  applying  existing  technology  in  a new  context;  stimulating  industry 
to  acquire  or  develop  new  technology;  identifying  problem  areas  requiring  further 
research;  and  creating  new  markets.  Certain  types  of  NASA  contr  ibutions  appeared  to  be 
more  dominant  in  some  fields  of  technolog)'  than  in  others. 

k 1 he  “significance”  of  most  of  the  NASA  contributions  was  to  have  caused  the  tec  h- 
nological  advancement  to  occur  at  an  earlier  time  than  it  would  have  occurred  otherwise. 
Significance  of  NASA  contributions  varied  between  fields  of  technology,  with  those  fields 
most  closely  identified  with  NASA  missions,  such  as  cryogenics  and  telemetry,  having  the 
largest  proportion  of  contributions  leading  to  advancements  that  probably  would  not 
have  occurred  without  the  NASA  contribution. 

T The  NASA  contributions  represented  all  levels  of  technolog)',  including  major 
step-changes  in  technolog);  incremental  advances  in  technology,  and  consolidations  of 
technolog).  Contributions  that  represented  incremental  or  systematic  advances  in  tech- 
nolog)' were  the  most  frequent  type  of  contribution,  followed  by  contributions  that  rep- 
resented a consolidation  of  knowledge.  Contributions  that  represented  major 
step-changes  were  relatively  infrequent.  Wide  differences  in  these  dif  ferent  classes  of  con- 
tribution to  different  fields  of  technology  were  found,  depending  upon  the  existing  state 
of  technology  in  the  field  and  NASA’s  mission  requirements. 

I'vl  NASA  contributions  were  found  in  all  stages  of  developmental  activity  studied, 
with  more  than  one-half  finding  military  or  aerospace  applications  and  almost  one-quar- 
ter finding  commercial  applications. 

f>.  When  impact  was  assessed  on  a linear  scale  of  high,  moderate  or  low,  the  tech- 
nological impact  of  the  NASA  contributions  was  estimated  to  be  moderate-to-high,  the 
economic  impact  to  be  moderate,  the  scientific  impact  to  be  moderate-to-low,  and  the 
dir  ect  social  impact  to  be  low,  with  impact  varying  widely  between  different  fields. 

[2f)|  III.  MEASURING  THE  IMPACT  OF  NASA  CONTRIBUTIONS 

Measuring  innovative  activity  is  itself  a formidable  problem  which  has  not  been  solved 
to  anyone’s  satisfaction.  Moving  from  a measure  of  this  activity  to  a measure  of  economic 
impact  gieatlv  increases  the  problem.  Focusing  the  task  on  measurement  of  the  econom- 
k impact  of  NASA’s  technological  efforts  reduces  few  problems  and  adds  many.  One 
recent  attempt  to  measure  the  overall  economic  impact  of  technological  progress  appears 
to  have  met  with  some  success.1 


1 ‘ I‘innnm,<  fmt,(lit  °l  Simulated  Tech  no  faecal  Activity.  Part  /.  () vnall  Economic  Impact  of  Tccftnofotncal 
/ ingress  Its  Measurement.  Kansas  ( ,ity,  Missouri:  Midwest  Rest-art ti  luslilute.  Final  Report  7 April  Ul/O-la  Anri] 
1971  (NASA  Contract  NASW-2030).  * 


434 


Space  as  an  Investment  in  Economic  Growth 


A.  Quantitative  Assessment 

The  measurement  process  associated  with  quantifying  the  economic  benefits  of  the 
NASA  contributions  in  this  study  would  require  the  three  following  steps:  ( 1 ) identification 
of  technological  advances  and  NASA  contributions;  (2)  estimation  of  economic  benefits 
attributable  to  the  advances;  and  (3)  isolation  of  the  links  between  the  NASA  contnbuuons 
and  the  advances  from  among  diverse  other  contributions.  'I  he  first  step  has  already  been 
accomplished  for  a sizeable  [sic]  sample  of  technologies.  Measuring  the  benefits  of  new 
technological  advances — the  second  step — requires  benefit/cost  analysis.  It  is  on  the  third 
step  that  the  most  difficult  challenges  arise.  The  knowledge  and  techniques  needed  to 
assess  the  relative  economic  contribution  of  one  agency  in  a multi-agency  development  and 
diffusion  process  appears  to  be  beyond  the  present  state  of  the  art. 


1 . Measuring  the  Benefits 

During  the  past  two  decades  considerable  progress  has  been  made  on  the  theory  anc 
practice  of  benefit/cost  analysis.  ' One  pioneering  example  of  the  research  and  develop- 
ment area  was  Griliches’  study  of  the  economic  benefits  from  hybrid  corn  research,  in 
which  he  found  the  return  on  research  investment  to  be  approximately  700  percent.  Most 
of  the  NASA  contributions  that  were  identified  in  this  study,  however,  present  more  diffi- 
cult estimation  problems.  Perhaps  most  important,  corn  is  a simple,  nearly  homogeneous 
product,  while  many  of  the  NASA  contributions  have  multiple  nonaerospace  applications. 
[26]  In  this  respect  a better  prototype  is  A.  W.  Brown’s  study  of  economic  benefits  attiib- 
utable  to  the  development  of  atomic  absorption  spectroscopy  by  the  Australian 
Commonwealth  Scientific  and  Industrial  Research  Organization  (CSIRO).'  Brown  identi- 
fied more  than  a dozen  applications  for  a new  and  more  efficient  spectrometer  and,  to 
estimate  the  benefits  from  these  diverse  applications,  he  interviewed  some  37  different 
user  organizations.  An  equally  extensive  interview  schedule  would  undoubtedly  be  neces- 
sary to  assess  with  tolerable  precision  the  benefits  from  a typical  NASA  contribution.  Even 
then,  many  NASA  cases  would  pose  special  difficulties  because  they  involve  know-how  and 
techniques  not  directly  embodied  in  hardware,  whereas  Brown  was  able  to  devote  his 
analysis  to  a single  well-defined  instrument. 


2.  Assessing  NASA’s  Share  of  the  Benefits 

More  fundamental  conceptual  problems  must  be  solved  in  estimating  how  much  ol 
the  benefits  of  an  advance  one  can  attribute  to  a NASA  contribution.  The  crux  of  the  mat- 
ter is  that  few  technological  advances  of  any  importance  originate  through  the  efforts  ol 
only  a single  person,  group,  or  organization.  Rather,  numerous  groups  are  likely  to  be  at 
work  on  various  aspects  of  the  technology  in  a complex  interacting  way.  1 his  process  can 
he  illustrated  with  a well-known  example  in  the  field  of  nuclear  physics.  The  basic  exper- 
iment through  which  Otto  Hahn  and  Fritz  Strassmann  discovered  nuclear  fission  in  late 
1938  had  been  performed  previously  by  Enrico  Fermi  in  Rome  during  1934,  by  Irene 
JoliocCurie  and  associates  in  Paris  during  1937  and  1938,  and  was  being  prepared  by 
Philip  Abel  son  at  Berkeley  when  the  nuclear  age  dawned.  Knowledge  flowed  freely  among 
the  several  research  teams,  influencing  hypotheses  and  experimental  design.  In  this  mul- 
tiple-paths environment,  it  seems  fair  to  say  that  if  Hahn  and  Strassmann  had  not  achieved 


2.  For  a general  survey,  see  Roland  N.  McKean.  Effhinu y in  (kn vrnmrut  Through  Systems  Analysts  (New 
York:  Wilev,  11)58),  Chaps.  8-12. 
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their  momentous  insight  when  they  did,  someone  else  surely  would  have  done  so  later, 
and  in  all  probability  not  much  later.'  Similar  parallelism  occurred  in  the  experimental 
proof  that  chain  reactions  were  possible  and  in  the  conception  of  isotopic  separation 
methods.  For  instance,  the  gaseous  diffusion  process  using  uranium  hexafluoride  was  out- 
lined almost  simultaneously  and  independently  by  George  Kistiakowski  in  the  United 
States  and  Franz  Simon  in  England. 

[27]  Examination  of  the  NASA  contributions  suggests  that,  like  Hahn  and  Strassmann, 
NASA  has  typically  not  been  working  alone  in  the  new  fields  of  technology  where  it  has 
made  contributions.  Instead,  there  was  usually  parallel  and  prior  work  sponsored  by  other 
federal  government  agencies,  private  firms,  universities,  and/or  research  institutes.  For 
purposes  of  the  present  study,  the  key  methodological  question  was,  how  should  the  cred- 
it be  divided  up  among  the  several  contributors? 

This  problem  would  require  the  use  of  marginal  analysis,  supplemented  by  network 
theory.  The  simplest  theoretical  illustration  is  the  case  of  multiple  research  groups  work- 
ing in  parallel,  but  independently,  on  a problem,  with  each  group  having,  say,  one  chance 
in  twenty  of  solving  the  problem  during  any  given  year’s  activity.  Given  these  assumptions, 
the  contribution  of  an  additional  equally  competent  and  lucky  research  group  can  be  eval- 
uated through  straightforward  probability  analysis.  Thus,  it  can  be  shown  that  if  four 
hypothetic  ally  identical  groups  are  working  in  parallel  and  if  a fifth  path  is  added  to  the 
network,  the  average  expected  time  from  start  to  successful  solution  is  reduced  from 
5.39  years  to  4.42  years.  In  this  case,  the  economic  benefits  from  the  0.97  year  speedup  are 
correctly  attributable  to  that  fifth  group,  even  though  some  other  group  turns  out  after 
the  fact  to  have  Avon”  the  race,  since*  ex  ante  a resource-allocating  decision-maker  could 
not  have  foretold  which  group  would  have  been  lucky  enough  to  find  the  solution  first. 

To  be  sure,  this  illustration  grossly  oversimplifies  reality.  The  typical  real-world  case 
characteristically  involves  an  extremely  complex  network.  If  the  network  for  some  partic- 
ular contribution  process  could  be  specified  at  least  approximately,  it  would  be  possible  to 
simulate  the  network  on  a computer,  adding  and  withdrawing  paths,  modifying  demand 
levels  and  hence  resource  allocations,  etc.,  to  determine  how  the  presence  or  absence  of 
a contributor  like  NASA  affects  the  rate  or  character  of  technological  progress.  There  is 
no  reason  why  such  an  undertaking  would  not  be  feasible.  Indeed,  a group  of  British 
economists  did  some  modest  exploratory  research  in  this  direction/5  Still  the  voids  in  our 
knowledge  of  the  nodal  functions  and  the  interaction  effects  are  so  great  that  a major 
research  ef  fort  would  be  required  merely  to  estimate  the  network  relationships  for  a sin- 
gle, relatively  simple,  technological  advance.  Even  then,  a high  degree  of  quantitative  pre- 
cision could  not  be  expected  from  such  a pioneering  venture.  Such  a venture  was 
obviously  beyond  the  scope  of  the  study. 

[2N|  B.  Subjective  Assessment 

Given  these  difficulties  in  quantitatively  assessing  the  impacts  of  various  contributions 
on  the  advancement  of  a development,  two  subjective  approaches  were  developed.  The 
fir  st  was  a simple  subjective  assessment  of  the  actual  and  potential  impact  of  each  contri- 
bution on  a linear  scale  of  high,  moderate  and  low.  The  second  was  a case  study  approach, 
describing  the  economic  impact  of  several  major  technological  advances  on  a particular 
development  and  tracing  NASA’s  role  in  helping  to  bring  about  those  advances.  The 
scalar  approach  is  described  below,  while  the  case  studies  are  contained  in  section  IV  of 
this  report. 


5.  See  F.  M.  Scherer,  “Was  tlu*  Nuclear  Anns  Race  Inevitable?'*  ('.o-ExistctHc,  January  19(>(>,  pp.  59— b9. 

(>.  I.  ( F R.  Hyatt  anti  A.  V.  C )ohen,  A n Attempt  to  Quantify  the  Economic  Benefits  of  Scientific  Research.  I .ondon: 

United  Kingdom  Department  of  Kducation  and  Science's,  19(>9. 


Spack  as  an  Invkstmknt  in  Economic  Growth 


4 


The  impact  of  a NASA  contribution  on  the  advancement  of  a major  development  was 
defined  as  the  effect  the  contribution  had  on  the  development  itself  or  on  the  environ- 
ment in  which  the  development  exists.  That  is,  did  the  contribution  bring  about  a positive 
change?  Four  types  of  impacts  were  assessed: 

• Technological  impact.  The  fe] fleet  a contribution  has  in  changing  the  matrix  of 
products,  processes,  techniques,  methods  and  materials  that  make  up  the  devel- 
opment. 

• Scientific  impact.  The  [e|ffect  a contribution  has  in  changing  what  we  know  or 
how  well  we  understand  the  basic  phenomena  related  to  a technological  devel- 
opment. 

• Economic  impact.  The  [e]ffect  a contribution  has  in  changing  the  economics  of 
the  development  or  the  economics  of  the  system  in  which  the  development  is 
applied,  including  the  availability  and  cost  of  the  technology  that  makes  up  the 
development. 

• Social  impact.  The  [el fleet  a contribution  has  in  changing  the  immediate  social 
environment  in  which  the  development  exists.  (For  the  purposes  of  this  study 
only  first-order  or  primary  social  impacts  were  included.) 

In  interviews,  NASA  scientists,  engineers  and  administrators  were  asked  to  subjective- 
ly assess  the  impact  of  their  own  contributions  and  the  NASA  contributions  with  which 
they  were  most  familiar.  Using  a linear  scale  of  1 for  high,  2 for  moderate  and  3 for  low, 
an  assessment  was  made  for  each  contribution  in  each  of  the  above  four  categories  (tech- 
nological, scientific,  economic  and  social)  for  both  actual  (present)  and  potential  impact. 
Each  NASA  assessment  was  reviewed  by  two  members  of  the  project  team.  In  those  cases 
where  a NASA  assessment  of  the  impact  of  a contribution  [291  could  not  be  obtained,  the 
assessment  was  made  by  the  analyst  on  the  project  team  responsible  for  that  particular 
field  of  technology.  These  judgements  [sic]  were,  in  turn,  reviewed  by  another  member  of 
the  team. 

Weighted  averages  for  actual  and  potential  impact  were  calculated  for  each  field,  in 
each  of  the  four  categories.  Actual  impact  represents  impact  that  has  already  been  real- 
ized to  date  from  the  NASA  contributions  while  potential  impact  represents  the  total 
impact  of  the  contributions  to  be  realized.  Using  potential  impart  as  a measure  of  total 
impact  to  be  realized  does  not  mean  to  imply  that  the  estimated  total  impact  will  definitely 
occur,  since  these  are  estimates  of  potential  that  might  never  be  realized.  Nevertheless,  the 
assessment  of  impact  already  realized  (actual)  versus  total  impac  t (potential)  is  an  impor- 
tant concept  since  it  reveals  much  about  the  time  lags  experienced  in  applying  NASA  tech- 
nology to  nonaerospace  needs. 

Impacts  of  the  NASA  contributions,  averaged  for  all  twelve  fields  by  category  of 
impact,  are  shown  in  Figure  1.  The  technological  impact  of  NASA  contributions  is  great- 
est, followed  by  economic  impact,  scientific  impact  and  social  impact. 

Technological  impact  of  NASA  contributions,  by  fields  of  technology,  is  shown  in 
Figure  2.  The  technological  impact  does  not  appear  to  vary  too  greatly  between  fields, 
with  assessments  ranging  from  moderate  to  moderate  to  high.  NASA  contributions  had 
the  highest  technological  impact  upon  the  field  of  telemetry  and  the  lowest  on  integrat- 
ed circuits. 

The  scientific  impact  of  NASA  contributions,  shown  in  Figure  3,  appears  to  vary  much 
more  by  field  of  technolog);  with  NASA  having  a very  low  impact  on  some  fields  such  a 
machinery  and  joining,  and  a moderate  impact  on  others  sue  h as  microwave  systems  and 
internal  gas  dynamics. 

Economic  impact  assessments,  shown  in  Figure  4,  ranged  from  telemetry  with  the 
highest  potential  economic  impact  of  those  studied,  to  energy  conversion  with  the  lowest 
potential  impact. 
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[35]  Impact  of  the  NASA  contributions  also  varies  with  the  level  of  technological  change 
brought  about  by  the  contribution.  As  expected,  class  I contributions  have  a greater 
impact  than  class  II  contributions,  and  class  II  contributions  have  a greater  impact  than 
class  III  contributions.  This  was  true  for  each  of  the  individual  llelds  as  well  as  for  the 
twelve  fields  combined,  as  shown  in  Figure  6. 

Taking  the  assessments  of  actual  and  potential  impact  for  each  field,  the  extent  of 
impact  already  realized  was  determined  by  calculating  the  ratio  of  impact  felt  to  date 
(actual)  to  the  total  impact  to  be  realized  (potential).  For  all  twelve  fields,  almost  all  of  the 
total  scientific  impact  of  the  NASA  contributions  has  already  been  realized  (90  percent) 
as  has  the  technological  impact  (70  percent).  This  is  understandable  in  light  of  how  these 
types  of  impact  are  |a]ffected.  That  is,  the  scientific  and  technological  impact  of  a contri- 
bution starts  to  be  felt  when  the  contribution  is  still  in  its  early  stages  of  development. 
Economic  impact  on  the  other  hand,  is  much  more  dependent  on  the  application  of  the 
contributions.  The  fact  that  only  30  percent  of  the  total  economic  impact  of  the  NASA 
contributions  to  the  12  fields  has  been  realized  to  date  indicates  a lower  level  of  applica- 
tion. In  the  same  way  only  30  percent  of  the  potential  social  impact  of  the  NASA  contri- 
butions has  been  realized  to  date. 

The  relationship  between  the  economic  impact  and  rate  of  application  was  examined 
for  each  of  the  fields,  and  is  shown  in  Figures  7 and  8. 

Data  on  economic  impact  already  realized  for  each  field  was  calculated  as  described 
above.  Figures  on  aerospace  and  commercial  applications  were  calculated  from  data  col- 
lected on  each  NASA  contribution. 

Using  least  squares  regression  analysis,  there  appears  to  be  a valid  correlation  between 
economic  impact  and  rate  of  application.  This  is  as  expected,  and  indicates  that  even 
when  a sizeable  [sic]  proportion  of  NASA  contributions  are  finding  aerospace  applica- 
tions, the  percentage  of  economic  impact  realized  is  relatively  low.  With  almost  o5  percent 
of  the  NASA  contributions  being  applied  in  aerospace,  only  30  percent  of  the  economic 
impact  has  been  realized  (Fig.  7).  Economic  impact  realized  rises  more  sharply  as  NASA 
contributions  find  commercial  applications  (Fig.  8).  However,  with  less  than  25  percent  of 
the  contributions  being  applied  commercially,  it  is  not  surprising  that  the  amount  of  eco- 
nomic impact  felt  to  date  is  only  a small  proportion  of  its  total  potential. 

[36]  [Figure  6 originally  placed  here.] 

[37]  [Figure  7 originally  placed  here.] 

[38]  [Figure  8 originally  placed  here.] 

[391  A similar  analysis  determined  that  a correlation  did  not  exist  between  technological 
impact  and  applications  rate.  This  indicates,  as  slated  earlier,  that  the  technological  impact 
of  contribution  might  start  to  be  felt  much  earlier  in  the  life  cycle*  of  the*  contribution,  dur- 
ing research  or  advanced  development,  and  a good  part  of  its  total  impact  is  probably 
already  realized  by  the*  time  the  contribution  starts  to  find  widespread  application.  . . . 

[59]  V.  CONCLUSIONS 

The  general  conclusions  of  this  study  concerning  NASA  contributions  to  the  advance- 
ment of  major  developments  in  selected  fields  of  technolog)  include  the  following: 
(1)  the  NASA  contributions  are  indirect  and  varied;  (2)  the  NASA  contributions  become 
“embodied”  in  the  advanced  technology  of  a field;  (3)  the  major  ef  fect  of  the  NASA  con- 
tributions was  to  cause  technological  advancement  to  occur  earlier  than  it  would  have  oth- 
erwise; (4)  the  NASA  contributions  represented  all  levels  of  technology,  including 
step-changes,  incremental  advances  and  consolidations;  (5)  the  NASA  contributions  were 
in  all  stages  of  developmental  activity;  and  (6)  the  impact  of  the  NASA  contributions 
ranged  from  low  to  mode  rat  e-to-high. 
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Type  of  Impac  t of  NASA  Contributions 


l /gu re  U.  hnfnut  of  S ASA  Contributions  on  Major  Develof merits  in  Twelve  Helds  of  technology  fin  Different  Classes  of 
Technology 


From  these  conclusions  it  becomes  apparent  that,  in  effect,  NASA’s  role  in  advancing 
technology  has  been  to  create  a demand  for  the  technology  to  fill.  Further,  by  creating  this 
demand,  NASA  apparently  aided  industry,  in  several  cases,  in  carrying  out  their  own 
development  efforts  to  further  advance  the  technology  in  a field,  resulting  in  new  prod- 
ucts and  processes. 

The  impact  of  NASA  contributions  appears  to  be  related  to  those  factors  which  are 
inherent  in  the  contribution  as  well  as  those  factors  which  deal  with  the  uses  to  which  the 
contributions  are  put.  If  the  NASA  contribution  can  be  thought  of  as  a stimulus  and  the 
impact  as  a response,  there  does  not  appear  to  be  too  great  a time  lag  between  the  stim- 
ulus provided  by  NASA’s  technological  efforts  which  resulted  in  the  contributions  and  the 
response  in  the  form  of  technological  and  scientific  impact  brought  about  by  these  con- 
tributions. That  is,  most  of  the  technological  and  scientific  impact  a contribution  is  going 
to  have  is  felt  within  a reasonable  time  after  the  contribution  occurs.  For  the  identified 
contributions,  70  percent  of  the  technological  impact  and  90  percent,  of  the  scientific 
impact  has  already  been  realized. 

On  the  other  hand,  the  rate  at  which  the  economic  impact  of  NASA’s  contributions 
is  fell,  appears  to  be  related  to  the  rate  at  which  the  contributions  find  nonaerospace 
application.  In  many  of  the  areas  of  NASA  contributions,  industry  is  ready  to  take  imme- 
diate advantage  of  the  technological  and  scientific  stimulus  provided,  with  a resulting  eco- 
nomic impact.  In  many  other  areas,  however,  a gap  apparently  exists  between  the  NASA 
stimulus  and  the  ability  of  industry  to  respond.  In  these  cases,  only  a small  proportion  of 
the  potential  economic  impact  inherent  in  the  NASA  contribution  can  occur. 

The  net  result  is  that  with  only  one-quarter  of  the  identified  NASA  contributions 
being  applied  commercially,  the  amount  of  economic  impact  felt  to  date  is  less  than  one- 
third  of  its  potential  total  impact.  With  a greater  rate  of  commercialization,  the  econom- 
ic impac  t of  NASA  contributions  could  be  expected  to  rise  sharply. 
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Figure  7.  Relationship  lie  tween  F.eonomie  Impart  Already  Realized  from  AvlNA  Contributions  and  Rroporfion  of  Contnbutii 
Finding  Military  or  A eras  pate  Applications 
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Document  111-9 

Document  title:  “Quantifying  the  Benefits  to  the  National  Economy  from  Secondary 
Applications  of  NASA  Technology — Executive  Summary,”  NASA  CR-2674,  Mathematica, 
Inc.,  March  1976. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

1'his  study  examined  four  eases  of  major  technologies  ( cryogenics , gas  turbines,  integrated  circuits, 
and  the  NASI  RAN  computer  program)  that  NASA  had  advanced  during  the  1960s  and  showed, 
based  on  economic  studies  and  interviews , that  their  benefits  could  be  as  high  as  $6. 9 billion  oxter  ten 
years.  Mathematica,  Inc.,  relied  on  microeconomic  consumer  surplus  theory , which  is  a more  trade 
tional  approach  to  measuring  benefits  and  more  easily  understood  than  production  function 
approaches.  Most  of  the  benefits  resulted  from  the  earlier  introduction  of  the  specific  technology  rather 
than  the  devehrjt  merit  of  the  technology  itself 
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Quantifying  the  Benefits  to  the  National  Economy 
from  Secondary  Applications  of  NASA  Technology — 
Executive  Summary 

I I I A.  INTRODUCTION 

In  the  1958  law  establishing  the  National  Aeronautics  and  Space  Administration, 
Congress  charged  NASA  with  conducting  its  research  activities  “so  as  to  contribute  ...  to 
the  expansion  of  human  knowledge  of  phenomena  in  the  atmosphere  and  space." 
Recognizing  that  such  knowledge,  like  much  of  the  knowledge  generated  by  research, 
could  also  have  potential  applicability  in  non-aerospace  sectors  of  the  economy,  Congress 
further  directed  NASA  to  “provide  for  the  widest  practicable  and  appropriate  dissemina- 
tion of  information  concerning  its  activities  and  the  results  thereof.” 

NASA  s success  in  accomplishing  its  aerospace  objectives  is  unquestioned.  The 
achievements  of  the  satellite  programs,  manned  space  flights,  and  exploration  of  the1 
moon  are  dramatic  and  well-known.  Less  clear,  however,  is  the  extent  to  which  the  knowl- 
edge developed  in  the  NASA  programs  has  been  useful  outside  its  originally  intended 
aeronautical  and  space  applications.  While  literally  hundreds  of  instances  of  non- 
aerospace  applications,  ranging  from  the  cardiac  pacemaker  to  gas  turbines,  have  been 
cataloged,  hardly  anything  is  known  of  the  quantitative  economic  significance  of  NASA’s 
contributions. 

I he  purpose  of  this  study  was  to  develop  preliminary  estimates  of  the  economic  ben- 
efits to  the  U.S.  economy  from  secondary  applications  of  “NASA  technology."  If  technol- 
ogy is  defined  as  the  body  of  knowledge  |2]  concerning  how  society’s  resources  can  be 
combined  to  yield  economic  goods  and  services,  then  NASA  technology  represents 
NASA's  contribution  to  this  body  of  technical  knowledge.  Secondar  y applications  r efer  to 
uses  of  NASA  generated  knowledge  for  purposes  other  than  those  primary  mission- 
oriented  ones  for  whic  h tlu*  original  R&d)  was  done.  I hose  applications  occur  whenever 
a non-NASA  entity,  with  or  without  encouragement  from  NASA,  uses  this  knowledge  in 
some  economic  activity. 

IV  MEASUREMENT  APPROAC A I 


I he  development  of  procedur  es  to  quantify  the  economic  benefits  of  secondary  appli- 
cations involved  the  adoption  of  concepts  and  tools  that  are  theoretically  sound  and  yet 
piat  tically  useful  in  dealing  with  a wide  variety  of  applications  of  NASA  technology-'.  There 
are  two  key  foundational  elements  of  the  approach:  one,  an  understanding  of  how  tech- 
nological change  generates  economic  benefits;  and  two,  a determination  of  the  role  that 
NASA  can  play  in  the  process  of  technological  change. 

1 • The  Economic  Benefits  of  Technological  Change 

In  broad  terms,  the  economic  process  involves  the  conversion  of  society’s  stock  of 
resources  into  goods  and  services  and  the  sale  or  exchange  of  these  goods  and  services  in 
the  mar  ketplace.  This  activity  generates  economic  benefits  by  allowing  people  to  consume 
desired  combinations  of  goods  and  services.  Advancing  technology  increases  these*  bene- 
fits by  allowing  society  to  get  more  from  the  same  stock  of  resources. 

[31  I he  specific  methods  for  quantifying  economic  benefits  have  been  the  subject  of 
much  discussion  in  the  economics  literature.  1 lit*  most  widely  accepted  principle  for  eval- 
uating economic  benefits  is  founded  on  individuals’  “willingness  to  pay”  to  move  from  a 
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“less”  to  a “more”  preferred  state.  What  this  principle  translates  into  for  the  purposes  here 
■s  dm  the  benefits  of  tec  hnological  change  can  be  measured  as  the  cost  savings  generat- 
ed >y  new  or  improved  production  processes  plus  the  extra  value  that  consumers  attach 
to  new  or  improved  final  products.  Iherefore,  by  determining  how  cost  and  demand  for 
various  products  are  affected  by  specific  technological  advances,  one  can  estimate  the 
benefits  of  these  advances. 


2.  The  Benefits  Due-  to  NASA 

I lie  research  process  by  which  technological  advances  are  generated  typically  involves 
a complex  interaction  ol  various  groups  and  individuals.  In  solving  the  particular  proh- 
< ms  assoc  iated  with  an  advance,  the  individual  research  “actors” 'build  on  or  combine 
their  results  with  those  generated  by  others.  As  a result,  any  “credit”  for  the  benefits  cre- 
ated by  a particular  advance  should,  in  a real  sense,  be  shared  by  the  various  contributors. 

he  goal  here,  of  course,  is  to  assign  a particular  share  to  NASA  in  some  specific  cases. 
I he  method  lor  assigning  this  share  is  based  on  the  premise  that  NASA  RM)  led  to  an  ear- 
lier realization  |4|  of  the  particular  technological  advances  being  considered.  In  other 
wools,  bad  NASA  not  done  its  RM) — and  had  its  failure  to  do  so  not  led  to  changes  in 

RM)  by  others— these  tec  hnological  advances  would  indeed  have  occurred  but  at  a later 
date. 

If  one  accepts  this  view  of  technological  advance— and  il  has  been  proposed  and 
m w *1  >y  a numl)CI  °*  authors — then  the  measurement  of  benefits  attributable  to 
NASA  becomes,  at  least  theoretically,  a rather  straightforward  task.  These  benefits  can  be 
measured  as  the  difference  between  the  present  value  of  two  benefits  streams:  one,  the 
stream  resulting  from  the  advance  as  it  has  occurred,  and  two,  the  stream  that  would  have 
resulted  had  NASA  not  been  involved. 

In  each  of  the  specific  cases  technical  experts  outside  the  NASA  establishment  were 
questioned  about  the  speed-up  resulting  from  NASA’s  role.  Of  rourse,  there  was  some 
variation  in  their  judgment.  In  order  to  allow  for  the  inherent  uncertainty  in  this  aspect 
of  the  study,  calculations  were  made  based  on  alternative  assumptions  concerning  the 
extent  to  whic  h NASA  accelerated  the  time  stream  of  benefits.  More  spec  ific  ally,  benefits 
wen-  calculated  based  on  a minimum,  a maximum,  and  a conservative  “probable”  speed- 
up due  to  NASA.  1 

C RESULTS  OF  CASK  S I I'DIKS 


Before  describing  the  results  of  the  analysis,  three  points  are  worthy  of  mention.  First, 
the  case  studies  are  by  no  means  [5]  a random  selection  from  the  possible  cases  which 
might  have  been  examined.  Cases  were  deliberately  selec  ted  where  data  were  available, 
where  NASA  s role  was  widely  acknowledged,  and  where  benefits  were  anticipated  to  be 
relatively  large.  Consequently,  until  additional  experience  with  more  case  studies  is 
acquired,  it  is  not  possible  to  draw  inferences  regarding  the  total  secondary  benefits  of 
N ASA  s RM).  Second,  bec  ause  the  case  selection  was  not  random  and  because  of  the  inno- 
vative nature  of  the  work,  an  effort  wfas  made  to  be  conservative  in  the  calculations.  Third, 
the  brief  discussion  of  the  cases  which  follows  is  not  sufficient  for  a full  understanding  of 
the  qualifications  and  limitations  of  the  analyses.  To  acquire  a more  complete  compre- 
Ik  nsion  of  these,  a careful  reading  of  the  technical  report  is  required. 


Cryogenic  Multilayer  Insulation  Materials 


NASA  s role  in  cryogenic  technology  is  an  outgrowth  of  the  effort  to  minimize  the 
weight,  volume,  and  evaporative  loss  of  gases  used  in  launch  and  flight  propulsion  systems, 
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life  support  systems,  and  power  generation  on  hoard  spacecraft.  An  integral  part  of  this 
general  concern  was  the  design  of  improved  insulation  systems.  I he  development  of  cryo- 
genic insulation  technolog)  has  contributed  substantially  to  the  rapid  growth  of  the  cryo- 

gentes  industry.  . . , . , 

In  this  case  study,  benefits  are  calculated  as  the  cost  savings  generated  by  the  use  of 
multilayer  insulation  instead  of  tile  next  best  [61  insulation  material  (perlite)  in  the  trans- 
port of  liquid  hydrogen,  liquid  helium,  and  liquid  nitrogen.  It  should  be  emphasized  that 
other  savings  arise  from  the  use  of  multilayer  insulation  with  liquid  hydrogen,  helium,  and 
nitrogen,  insofar  as  it  is  used  to  insulate  storage  tanks,  piping  and  other  equipment  used 
in  the  production  of  these  liquid  gases. 

I he  two  principal  sources  of  measured  cost  savings  due  to  multilayer  insulation  are: 
reduced  hoil-off  loss  during  the  time  the  cryogen  is  transported,  and  reduced  transporta- 
tion costs  due  to  the  lighter  weight  of  multilayer  insulated  tanks.  Benefits  were  estimated 
using  an  engineering  approach  to  specify  the  relevant  technical  relationships  between 
evaporation  loss,  weight,  and  insulation  characteristics.  The  "best  guess’  or  "probable 
estimate  of  benefits  is  $1,054  million. 


2.  Integrated  Circuits 

Prior  to  1900,  conventional  electronic  circuitry  was  based  on  the  assembly  of  individ- 
ually encapsulated  circuit  components  such  as  transistors,  resistors,  capacitors,  and 
diodes.  Integrated  circuit  technology— the  combination  of  these  circuit  functions  on  an 
inseparable,  continuous  base— provides  significant  advantages  over  conventional  circuit 
technology,  particularly  in  smaller  si/e,  lower  power  consumption,  increased  speed  of 
operation,  improved  reliability,  and  reduced  cost  per  electronic  function.  These  features 
make  integrated  circuits  especially  attractive  for  space  applications. 

The  introduction  of  integrated  c ircuit  technology  produced  significant  changes  m all 
electronic  products,  including  consumer  electronic  products,  and  the  estimates  of  the 
total  benefits  to  advancing  integrated  circuit  technology  reflect  its  very  widespread  applic- 
ability. [7]  Based  on  a simultaneous  equation  estimation  of  the  demand  for  integrated  cir- 
cuits, estimates  of  benefits  were  derived.  The  “probable"  estimate  is  $5,080  million. 

3.  Gas  Turbines  in  Electric  Povver  Generation 

Since  the  early  1940’s  NASA  (then  NACA)  has  been  intimately  involved  in  gas  turbine 
technology,  primarily  as  it  relates  to  improvement  of  jet  engines  lor  military  and  com- 
mercial aircraft.  This  basic  research  has  also  produced  benefits  in  the  production  of  elec  - 
tric power,  as  gas  turbines  have  become  more  widely  used  as  sources  of  peaking  power  and 

standby  capacity.  . . . 

The  use  of  gas  turbines  in  electric  power  generation  undoubtedly  confers  may  social 

benefits;  e.g.,  gas  turbines  are  relatively  “clean”  from  an  environmental  point  of  view  and 
also  enhance  the  reliability  of  power  production.  Nevertheless,  the  estimates  of  benefits 
are  based  onlv  on  the  fuel  cost  savings  in  power  production  produced  by  improvements 
in  gas  turbine  performance.  Improvements  in  gas  turbine  performance  are  assumed  to 
result  from  advances  in  turbine  technology;  gas  turbine  vintage  was  used  as  a proxy  lor 
technology  level  in  these  calculations.  Using  standard  regression  analysis,  the  relationship 
between  gas  turbine  vintage  and  the  average  cost  of  fuel  consumed  in  the  production  o 
power  was  estimated;  based  on  this  relationship,  a “probable”  estimate  of  the  total  fuel 
cost  savings  of  $111  million  was  determined. 


Exploring  imk  Unknown 


449 


[8|  1.  NAS  I RAN 

NASI  RAN  (NASA  Strut  tural  Analysis)  is  a general  purpose  finite  element  computer 
software  package  for  static  and  dynamic  analysis  of  the  behavior  of  elastic  structures. 
Industrial  users  art1  generally  product  engineers  in  mechanical  or  civil  engineering  appli- 
cations such  as  aircraft  and  automobile  production,  bridge  construction,  or  power  plant 
modeling. 

NASA’s  (ioddard  Space  Flight  denier  developed  N AST  RAN.  through  a combination 
of  in-house  and  contracted  research,  over  the  period  1965  to  1970.  It  represented  sub- 
stantial improvement  over  similar  extant  programs,  and  was  released  to  public  users  in 
November  of  1970. 

Because  few  published  data  exist  regarding  the  extent  of  use  of  N AST  RAN,  estimates 
of  cost  savings  from  the  use  of  N AST  RAN  were  obtained  from  telephone  interviews  with 
a sample  of  users.  From  the  sample  responses  the  “probable”  benefits  accruing  to  the  pop- 
ulation of  NAS  I RAN  users  were  estimated  at  $701  million. 

L).  SUMMARY  AND  CONCLUSIONS 


A summary  of  the  “probable*”  estimates  for  each  case  study  is  presented  in  Table  1 . ll 
indicates  that  total  benefits  due  to  NASA  for  the  four  cases  studied  are  probably  on  the 
order  of  $7,000  million. 


(91 


Table  1 

Results  of  Benefits  Estimation 


Technology 

Cas  Turbines 
Cryogenics 
Integrated  ( Circuits 
N AST  RAN 

Total 


Interval  of 
Benefits  Estimation 

1969-1972 

1960-1963 

1963-1982 

1971-1984 


Estimated  Probable 
NASA  Acceleration 
(Years) 

1.0 

5.0 

2.0 

4.0 


Probable  Benefits 
Attributable  to  NASA 
(Millions) 

$ 111 

$1,054 
$5,080 
$ 701 

$6,946 


[ 10]  In  interpreting  the  results  of  this  study  one  should  recognize  that  it  is  one  of  the  first 
of  its  kind  ever  attempted.  The  results,  while  arrived  at  through  careful  and  rigorous  tech- 
niques, are  sensitive  to  data  uncertainties  and  analytical  simplifications.  Though  one  must 
necessarily  view  such  results  with  caution,  it  seems  that  the  following  general  observations 
could  be  safely  made: 

• Operational  methods  can  be  developed  for  estimating  the  secondary  benefits  of 
mission  oriented  R&D. 

• Secondary  benefits  attributable  to  NASA’s  R&D  programs  may  be  impressively 
large.  For  example,  the  $7,000  million  total  for  the  four  cases  studied  is  more 
than  twice  NASA’s  present  yearly  budget. 

• Because  secondary  benefits  may  indeed  be  significant,  public  decisions  concern- 
ing the  allocation  of  resources  to  research  and  development  programs  should, 
where  possible*,  consider  such  benefits. 
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Document  IIMO 

Document  title:  “Economic  Effects  of  a Space  Station:  Preliminary  Results,”  NASA,  June 
16,  1983,  pp.  1-2,  20-21. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  study , sponsored  Iry  the  NASA  Alumni  League,  ref) arts  on  only  the  direct  and  indirect  employ- 
ment and  income  that  were  generated  by  NASA  spending . It  came  as  NASA  was  seeking  White  House 
approval  to  initiate  a space  station  program.  Although  the  impacts  are  presented  Iry  industry  and 
state,  the  benefits  only  represent  the  multiplier  effects  of  the  spending  patterns  of  NASA.  These  find- 
ings and  similar  studies  were  important  in  convincing  legislators  how  important  NASA's  budget  had 
become  to  their  regions.  The  following  text  is  the  introduction  and  conclusions  from  the  f irst  draft  of 
the  report. 


The  Economic  Effects  of  a Space  Station: 
Preliminary  Results 


[I]  1.0  INTRODUCTION 

This  report  discusses  the  economic  effects  of  a manned  Spate  Station.  Since  the 
major  reasons  for  building  a Space  Station  are  not  economic,  this  report  will  also  discuss 
some  of  the  non-economic  benefits  to  be  gained.  Some  of  these  benefits  include: 

• The  Space  Station  will  enhance  the  defense  posture  of  the  United  States  by 
demonstrating  an  ability  to  control  the  high  ground  of  space. 

• fhe  Space  Station  will  build  respect  for  the  industrial  strength  of  the  nation  by 
proving  the  ability  to  initiate  and  maintain  large-scale,  high  technology  programs. 

• The  Space  Station  program  will  increase  the  nation’s  pride  and  confidence  just  as 
the  Shuttle  and  other  space  programs  have  done. 

Since  few  of  these  benefits  can  be  quantitatively  assessed,  it  is  not  feasible  at  this  time 
to  justify  a Space  Station  on  economic  grounds  alone. 

To  look  at  the  Space  Station  program  from  an  economic  perspective,  the  program  is 
divided  into  two  major  phases:  a development  phase  and  an  operational  phase.  During 
the  development  phase,  cash  flows  will  consist  primarily  of  government  expenditures  (to 
plan,  design,  construct,  test,  and  deploy  the  Space  Station  hardware)  and  the  resulting 
direct  and  multiplier  effects  of  those  expenditures  on  the  economy.  During  the  opera- 
tional phase,  the  direct  economic  effects  will  diversify  as  a variety  of  government  and  pri- 
vate customers  begin  to  use  the  Space  Station. 

An  important  point  that  needs  to  be  stated  is  the  level  at  which  a Space  Station  will 
influence  the  economy.  During  the  development  phase,  the  expenditures  will  be  too  small 
to  notice  at  a macroeconomic  level  (e.g.,  about  .25%  of  the  Gross  National  Product). 
However,  the  development  expenditures  will  have  significant  effects  for  specific  industries 
and  locations.  The  operational  phase  should  have  a major  influence  on  the  overall  econ- 
omy as  [2]  the  technology'  spreads  throughout  all  sectors.  A Space  Station  could  open  the 
door  to  the  creation  of  a whole  new  industry  based  on  space  operations  and  may  provide 
the  stimulus  for  new  and  improved  consumer  products.  The  projected  revenues  for  com- 
mercial space  activities  are  highly  uncertain  due  to  the  length  of  time  (10-20  years)  being 
addressed.  The  most  likely  near-term  effect  an  operational  Space  Station  will  have  is  the 
reduced  cost  of  performing  certain  missions  in  space. 
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I he  following  sections  will  discuss  the  cost  of  building  and  operating  a Space  Station, 
the  ef  fect  of  Space  Station  expenditures  on  the  economy,  the  potential  savings  on  planned 
missions,  the  new  or  improved  capabilities  that  will  be  provided  by  a Space  Station,  the 
influence  of  new  technology'  on  the  economy,  and  the  opportunities  for  new  space  indus- 
tries. . . . 


120]  8.0  CONCLUSIONS 

The  acquisition  of  a Space  Station  will  substantially  enhance  the  ability  of  NASA  to 
more  effectively  perform  the  planned  space  missions  of  the  1990’s  and  will  establish  an 
exciting  capability  for  the  post  2000’s  that  could  foster  the  growth  of  a broad  range  of 
financially  attractive  space  endeavors.  The  Space  Station  is  a project  that  is  consistent  with 
existing  NASA  budget  levels  and  does  not  conflict  with  the  nation  s economic  policies  of 
a balanced  budget  and  reduced  federal  deficits.  In  fact,  the  capabilities  offered  by  the 
Space  Station  result  in  cost  savings  through  the  1990’s  that  are  approximately  equal  to  the 
cost  of  the  project.1  Larger  economic  benefits  are  expected  beyond  the  year  2000. 

I he  existence  of  a Space  Station  will  also  stimulate  evolving  commercial  opportuni- 
ties in  space.  It  will  provide  a permanently  manned  and  easily  accessible  research  and 
development  facility  for  new  space  ventures  and  ensure  the  nation’s  leadership  in  the 
industrial  frontiers  of  space. 

The  real  value  of  a Space  Station,  however,  extends  beyond  economic  benefits. 
The  Spate  Station  will  also  continue  the  unbroken  chain  of  United  States  advances  in 
space  technology  that  has  existed  for  25  years.  It  will  once  again  demonstrate  the  indus- 
trial prowress  and  military  strength  that  has  made  the  United  States  a great  nation.  It  will 
also  enhance  the  confidence  and  pride  the  people  of  this  country  have  for  their  nation. 

|21  | REFERENCES  . . . 

4.  “Space  Station  Needs,  Attributes  and  Architectural  Options  Study:  Final  Report,” 
Contract  NASW-3680  (eight  reports  by  various  authors),  1985. 

Document  111-11 

Document  title:  “The  Economic  Impact  of  the  Space  Program:  A Macro  and  Industrial 
Perspective,”  prepared  for  Rockwell  International  by  The  WEFA  Group,  Bala  Cynwyd, 
Pennsylvania,  May  1994,  pp.  1-4  (reprinted  with  permission). 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

Ib  support  the  space  station  program,  Rockwell  International  commissioned  WEFA  ( which  had 
merged  with  Chase)  to  conduct  an  analysis  of  the  industrial  and  economic  impacts  of  the  space  sta- 
tion program  expenditures.  It  did  not  calculate  impacts  of  new  technology , but  instead  focused  on  the 
total  multiplier  impact  on  jobs  and  income  from  NASA.  This  study  was  used  to  develop  political  sup- 
port for  the  space  station  fry  illustrating  that  investments  in  high-tech  industries  were  beneficial.  It  did 
not  analyze  impacts  if  the  money  had  l)een  spent  elsewhere  or  if  there  had  been  a tax  cut  of  equal  pro- 
portions. The  following  is  just  the  report's  executive  summary. 
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The  Economic  Impact  of  the  Space  Program: 

A Macro  and  Industrial  Perspective 

[ 1 ] Executive  Summary 

In  this  study,  the  macroeconomic  and  industry  impacts  of  the  National  Aeronautics 
and  Space  Administration  Program  on  the  U.S.  economy  are  evaluated.  In  performing 
this  study,  The  WEFA  Group's  macroeconomic  model  of  the  I S.  economy  and  its 
Industrial  Analysis  Service  model  were  utilized.  These  simulations  were  generated  by 
removing  NASA  expenditures  from  the  current  baseline  projections  of  economic  activity. 

The  NASA  program  provides  the  following  economic  impacts: 

• By  1997,  an  estimated  380,000  jobs  in  the  U.S.  economy  are  generated  by  NASA  relat- 
ed activity.  Summary  Figure  1 depicts  how  many  jobs  would  be  lost  in  the  U.S.  econo- 
my if  the  NASA  budget  were  eliminated  beginning  in  fiscal  year  1995.  Aerospace, 
communications  equipment,  transportation  equipment,  industrial  machinery,  metals, 
research  and  consulting  services,  and  construction  jobs  are  highly  dependent  upon 
NASA.  These  employment  estimates  How  from  direct  sources  (government  contrac- 
tors), indirect  sources  (the  contractors'  supplier  network),  and  expenditure  related 
(feedthrough  ol  employment  and  income)  sources.  1 he  direct  and  indiietl  employ- 
ment totals  217,000,  with  another  163,000  due  to  the  multiplier  impact  on  the  rest  of 
the  economy.  One  important  facet  of  tins  analysis  is  that  many  of  the  industries  iden- 
tified as  likely  beneficiaries  of  NASA  programs  are  the  industries  that  are  important 
to  the  country's  achievement  ol  critical  technologies,  as  identified  by  the  Department 
of  Commerce,  the  Office  of  the  Vice  President,  and  the  Council  on  Competitiveness. 
These  technologies  include  Applied  Molecular  Biology,  Distributed  Computing  and 
Telecommunications,  Flexible  Manufacturing  Electrical  Supply  and  Distribution, 
Materials  Synthesis  and  Processing,  Microelectronics  and  Optoelectronics,  and 
Software.  While  no  one  would  make  an  argument  that  certain  industries  are  sacred,  it 
is  true  that  the  types  of  activities  that  NASA  funds  correlate  highly  with  many  tec  h- 
nologies that  have  been  identified  as  key  to  the  IKS.  economy's  future  competitiveness. 

[Figure  1 originally  placed  here.J 

[2|  • An  estimated  $23.49  billion  of  real  GDP  | Gross  Domestic  Product]  (economic 
output)  in  the  U.S.  economy  is  lied  to  activities  at  NASA  by  1997.  Between  1995  and 
2000,  the  spare  program  will  contribute  a cumulative  addition  of  $130  billion  to  real 
(;i)P.  This  estimate  does  not  include  the  increase  to  GDP  that  might  result  from  tech- 
nological innovation.  Summary  Figure  2 displays  the  loss  of  real  economic  output  that 
would  occur  if  the  NASA  budget  were  eliminated  beginning  in  fiscal  year  1995.  The 
positive  impact  on  the  economy  is  far  greater  than  just  federal  outlays  on  NASA.  Due 
to  NASA's  purchases  of  goods  and  services,  firms  increase  their  output  and  employ- 
ment, promoting  personal  income  growth.  Higher  personal  income  growth  causes 
consumers  to  raise  their  purchases.  Capital  investment  is  stimulated  due  to  its  high 
sensitivity  to  output  growth.  I ligher  investment  leads  to  a greate  r accumulation  in  the 
capital  stock,  promoting  productivity  growth  and  U.S.  international  competitiveness. 

[Figure  2 originally  placed  liere.l 
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Note:  (Calendar  Year  Basis 


f i^uty  l Establishment  Employ men t NA  S>\  Simulation  vs.  Baseline 


Note:  Calendar  year  Basis 


f igure  2.  Rea!  GDP:  NASA  Simulation  / ns.  Baseline 

• If  the  NASA  budget  were  eliminated,  there  is  a loss  of  economic  output,  low  er  employ- 
ment, and  decreased  corporate  profits  which  reduce  federal  tax  receipts.  Payments 
for  unemployment  insurance  and  other  related  transfer  payments  rise,  increasing  gov- 
ernment expenditures  on  these  programs.  The  combination  of  lower  tax  receipts  and 
higher  transfer  payments  offsets  much  of  the  impact  of  the  elimination  of  the  NASA 
budget  on  the  federal  surplus.  By  1997,  the  federal  budget  improves  by  only  $1.60  bil- 
lion relative  to  what  it  would  be  if  NASA  spending  of  $16.14  billion  were  not  cut. 
Summary  Figure  3 highlights  the  extent  of  the  improvement  in  the  federal  budget  if 
the  NASA  budget  were  eliminated  beginning  in  fiscal  year  1995. 
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I'ifrurt’  ?:  Federal  ( iov.  Surplus:  NASA  Simulation  I vs.  Hasehnr 


• Additionally,  potential  technology  spinoffs  from  NASA-derived  research  would  he  lost 
if  NASA  programs  were  eliminated  (such  as  artificial  intelligence,  advanced  robotics, 
optical  communication,  and  advanced  computers).  Because  of  their  cutting-edge 
nature,  NASA  programs  are  highly  conducive  to  promoting  technology  advance- 
ments. This  store  of  technolog)’  is  an  important  national  resource  because  it  can  be 
adapted  to  develop  new  products  and  processes. 

NASA’s  human  space  flight  program  provides  the  following  economic  impacts: 

• By  1997,  an  estimated  179,000  jobs  in  the  U.S.  economy  are  created  by  the  human 
space  flight  program.  The  composition  of  the  job  gains  are  similar  to  those  of  the  total 
NASA  budget.  Many  industries  identified  as  likely  beneficiaries  of  the  human  space 
flight  program  are  those  that  have  been  determined  as  important  to  the  country’s 
achievement  of  critical  technologies.  Much  of  the  research  and  development  efforts 
taking  place  at  NASA’s  human  space  flight  program  are  devoted  to  high-technology 
sectors  and  stimulate  employment  in  these  vital  sectors  of  the  economy. 

• An  estimated  $8.37  billion  of  real  GDP  in  the  U.S.  economy  is  tied  to  the  human  spare 
flight  program  by  1997.  Between  1995  and  2000,  the  human  space  flight  program  will 
contribute  a cumulative  addition  of  $44.4  billion  to  real  GDP.  This  estimate  does  not 
include  the  increase  to  GDP  that  might  result  from  technological  innovation.  Though 
the  transmission  mechanism  of  federal  expenditures  on  the  human  space  flight  pro- 
gram throughout  the  economy  is  similar  to  the  first  simulation,  the  impact  is  lower 
due  to  the  smaller  expenditures.  One  of  the  most  critical  benefits  for  the  U.S.  econo- 
my from  NASA’s  human  space  flight  program  is  the  stimulus  it  provides  to  capital 
investment.  We  estimate  that  by  1997,  capital  investment  is  aided  by  $1.12  billion. 
Investment  in  equipment  benefits  the  most  and  tends  to  foster  productivity  growth. 

[4 1 • If  the  human  space  flight  program  were  eliminated,  the  federal  deficit  would  not 
improve  as  much  as  the  expenditure  cuts.  The  combination  of  lower  tax  receipts  and 
higher  transfer  payments  offset  much  of  the  impact  of  the  elimination  of  federal 
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expenditures  on  the  human  space  flight  program.  By  1997,  the  federal  budget 
improves  by  only  $0.80  billion  relative  to  what  it  would  be  if  NASA  spending  on  the 
human  space  flight  program  were  not  cut. 

• Potential  technology'  spinoffs  would  be  lost  if  the  human  space  flight  program  were 
eliminated.  Much  of  the  research  in  the  human  space  flight  program  is  taking  place 
in  artificial  intelligence,  advanced  robotics,  optical  communication,  and  advanced 
computers.  These  are  all  areas  that  would  have  clear  commercial  applications. 

NASA’s  space  station  program  provides  the  following  economic  impacts: 

• By  1997,  an  estimated  55,000  jobs  in  the  U.S.  economy  art'  created  by  the  space  sta- 
tion program.  Many  are  in  high-technology  sectors  (such  as  high-tech  capital  goods, 
electronics,  telecommunications,  and  software  development).  Employment  at  aero- 
space, communications  equipment,  transportation  equipment,  and  industrial 
mac  hinery  manufacturers  are  dependent  upon  the*  continuation  of  space  station  pro- 
gram. Over  the  next  couple  of  years,  spending  on  the  space  station  program  will  cen- 
ter on  the  final  R&D  and  on  manufacturing.  While*  the*  estimated  employment 
impacts  are*  smaller  than  the  other  two  simulations,  the  industries  most  impacted 
again  show  a high  correlation  with  those  sectors  targeted  as  critical  for  national  com- 
petitiveness. 

• An  estimated  $2.60  billion  of  re*al  GDP  in  the  U.S.  economy  is  tied  to  the  space  sta- 
tion program  by  1997.  Between  1995  and  2000,  the*  space  station  program  will  con- 
tribute* a cumulative  addition  of  $13.8  billion  to  real  GDP.  Phis  estimate  does  not 
include  the*  increase  to  GDP  that  might  result  from  technological  innovation.  The 
transmission  mechanism  throughout  the  economy  of  federal  expenditures  on  the 
space*  station  program  are  similar  to  the  first  two  simulations,  but  the  estimated 
impact  is  lower  due  to  smaller  expenditures.  An  important  implication  of  the  eco- 
nomic activity  associated  with  the  space  station  program  is  that  it  promotes  propor- 
tionally more  towards  investment  in  equipment  than  either  the  total  NASA  budget  or 
the  human  space  flight  program.  Therefore,  the  productivity  enhancing  properties  of 
these  federal  expenditures  are  high. 

• If  the  space  station  program  were  eliminated,  the  federal  deficit  would  not  improve 
as  much  as  the  expenditure  cuts.  The  combination  of  lower  tax  receipts  and  higher 
transfer  payments  offset  much  of  the  impact  of  the  elimination  of  these  federal 
expenditures.  By  1997,  the  federal  budget  improves  by  only  $0.26  billion  relative  to 
what  it  would  be  if  spending  on  the  space  station  program  were  not  cut. 

• Potential  technology  spinoffs  would  be  lost  if  the  space  station  program  were  elimi- 
nated. Similar  to  the*  human  space  flight  program,  much  of  the  research  is  taking  place 
in  artificial  intelligence,  advanced  robotics,  optical  communication,  and  advanced 
computers.  All  of  these  areas  promise  a high  degree  of  commercial  applications.  . . . 

Document  MM2 

Document  title:  Office  of  the  Press  Secretary,  The  White  House,  “The  President’s  Space 

Policy  and  Commercial  Space  Initiative  to  Begin  the  Next  Century,”  Fact  Sheet,  February 

11,1988. 

Source:  Documentary  History  Collection,  Space  Policy  Institute,  George  Washington 

University,  Washington,  D.C. 
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By  1988,  private  sector  activities  in  space  were  beginning  to  grow  rapidly , particularly  in  the  com- 
munications satellite  and  launch  vehicle  sectors.  The  Reagan  administration  issued  this  presidential 
directive , which , the  first  time , made  the  creation  of  commercial  opportunities  in  space  a major 

component  of  national  space  policy.  It  prohibited  NASA  from  operating  an  expendable  launch  vehi- 
cle program  and  encouraged  the  government  to  purchase  commercial  launch  services.  Also , it  called 
for  open  private  opportunities  in  space  in  microgravity,  remote  sensing*  and  other  space  ventures 
where  there  was  the  potential  for  commercial  operations. 


[ no  page  iuhhIhtI 

For  Immediate  Release  February  11,  1988 


The  President’s  Space  Policy  and  Commercial  Space 
Initiative  to  Begin  the  Next  Century 

FACT  SUKET 


The  President  today  announced  a comprehensive  “Space  Policy  and  Commercial 
Space  Initiative  to  Begin  the  Next  Century”  intended  to  assure  United  States  space  lead- 
ership. 

The  President’s  program  has  three  major  components: 

• Establishing  a long-range  goal  to  expand  human  presence  and  activity  beyond 
Earth  orbit  into  the  Solar  System; 

• Creating  opportunities  for  U.S.  commerce  in  space;  and 

• Continuing  our  national  commitment  to  a permanently  manned  Space  Station. 
The  new  policy  and  programs  are  contained  in  a National  Security  Decision  Directive 

(NSDD)  signed  by  the  President  on  January  5,  1988,  the  FY  1989  Budget  the  President  will 
submit  shortly  to  Congress,  and  a fifteen  point  Commercial  Space  Initiative. 

I.  EXPANDING  HUMAN  PRESENCE  BEYOND  EARTH  ORBIT 

In  the  recent  NSDI),  the  President  committed  to  a goal  of  expanding  human  pres- 
ence and  activity  in  the  Solar  System.  To  lay  the  foundation  for  this  goal,  the  President  will 
be  requesting  $100  million  in  his  FY  1989  Budget  for  a major  new  technology  develop- 
ment program  “Project  Pathfinder”  that  will  enable  a broad  range  of  manned  or 
unmanned  missions  beyond  the  Earth’s  orbit. 

Project  Pathfinder  will  be  organized  around  four  major  focuses: 

— Exploration  technology; 

— Operations  technology  ; 

— Humans-in-space  technology';  and 

— Transfer  vehicle  technology'. 

This  research  effort  will  give  the  United  Slates  know-how  in  critical  areas,  such  as 
humans  in  the  space  environment,  closed  loop  life  support,  aero  braking,  orbital  transfer 
and  maneuvering,  cryogenic  storage  and  handling,  and  large  scale  space  operations,  and 
provide  a base  for  wise  decisions  on  long  term  goals  and  missions. 

Additional  highlights  of  the  NSDD  are  outlined  in  Section  IV  of  this  fact  sheet. 
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|2|  II.  ( CREATING  OPPORTl ’NFFIES  FOR  U S.  COMMERCE  IN  SPACE 

The  President  is  announcing  a fifteen  point  commercial  space  initiative  to  seize  the 
opportunities  for  a vigorous  U.S.  commercial  presence  in  Farth  orbit  and  beyond — in 
research  and  manufacturing.  This  initiative  has  three  goals: 

• Promoting  a strong  U.S.  commercial  presence  in  space; 

• Assuring  a highway  to  space;  and 

• Building  a solid  technology  and  talent  base. 

Promoting  a Strong  U.S,  Commercial  Presence  in  Space 

1.  Private  See  tor  Space  Facility:  The  President  is  announc  ing  an  intent  for  the  Federal 
Government  to  lease  space*  as  an  “anchor  tenant”  in  an  orbiting  space  facility  suitable 
for  research  and  commercial  manufacturing  that  is  financed,  constructed,  and  oper- 
ated by  the  private  sector.  The  Administration  will  solicit  proposals  from  the  U.S.  pri- 
vate sector  for  such  a facility.  Space  in  this  facility  will  be*  used  and/or  subleased  by 
various  Federal  agencies  with  interest  in  microgravity  researc  h. 

Flu*  Administration's  intent  is  to  award  a contract  during  mid-summer  of  this  year  for 
suc  h space  and  re  lated  services  to  be  available  to  the  Government  no  later  than  the* 
end  of  FY  1095. 

2.  Spacehah:  The*  Administration  is  committing  to  make  best,  efforts  to  launch  within  the 
Shuttle  payload  hay,  in  the*  early  1990s,  the  commercially  developed,  owned,  and  man- 
aged Shuttle  middeck  module:  Spacehah.  Manifesting  requirements  will  depend  on 
customer  demand. 

Spacehah  is  a pressurized  metal  cylinder  that  fits  in  the*  Shuttle*  payload  bay  and  con- 
nects to  the*  crew  compartment  through  the  orbiter  airlock.  Spacehah  takes  up  approx- 
imately one-quarter  of  the*  payload  bay  and  increases  the  pre  ssurized  living  and  working 
space*  of  an  orbiter  by  approximately  1 ,000  cubic  fe*e*t  or  400  percent  in  use*able  research 
volume*.  The*  facility  is  intended  to  he  ready  for  commercial  use*  in  mid- 1 991. 

5.  Mierogravitv  Research  Board:  The  President  will  establish,  through  Executive  Order, 
a National  Mierogravitv  Research  Board  to  assure  and  coordinate  a broader  range*  of 
opportunities  for  research  in  microgravity  conditions. 

NASA  will  chair  this  board,  which  will  include  senie»r4evel  representatives  from  the 
Departments  of  Commerce,  Transportation,  Energy',  and  Defense,  NIH,  and  NSF;  and 
will  consult  with  the  university  and  commercial  sectors.  The  hoard  will  have  the  fol- 
lowing responsibilities: 

• To  stimulate  research  in  mierogravitv  environments  and  its  applications  to  com- 
mercial uses  by  advising  Federal  agencies,  including  NASA,  on  mierogravitv  pri- 
orities, and  consulting  with  private  industry  and  academia  on  mierogravitv 
research  opportunities; 

• To  develop  policy  recommendations  to  the  Federal  (iovernment  on  matters  relat- 
ing to  microgravity  research,  including  types  of  research,  governmetit/indus- 
try/academic  cooperation,  and  access  to  space,  including  a potential  launch 
voucher  programs; 

• 1 3)  To  coordinate  the  microgravity  programs  of  Federal  agencies  by: 

— reviewing  agency  plans  for  microgravity  research  and  recommending  priorities 
for  the  use  of  Federally-owned  or  leased  space  on  mierogravitv  facilities;  and 
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— ensuring  that  agencies  establish  merit  review  processes  for  evaluating  micro- 
gravity research  proposals;  and 

• To  promote  transfer  of  federally  funded  microgravity  research  to  the  commercial 
sector  in  furtherance  of  Executive  Order  12591. 

NASA  will  continue  to  he  responsible  for  making  judgments  on  the  safety  of  experiments 

and  for  making  manifesting  decisions  for  manned  space  flight  systems. 

4.  External  Tanks:  The  Administration  is  making  available  for  five  years  the  expended 
external  tanks  of  the  Shuttle  fleet  at  no  cost  to  all  feasible  U.S.  commercial  and  non- 
profit endeavors,  for  uses  such  as  research,  storage,  or  manufacturing  in  space. 

NASA  will  provide  any  necessary  technical  or  other  assistance  to  these  endeavors  on 
a direct  cost  basis.  If  private  sector  demand  exceeds  supply,  NASA  may  auction  the 
external  tanks. 

5.  Privatizing  Space  Station:  NASA,  in  coordination  with  the  Office  of  Management  and 
Budget,  will  revise  its  guidelines  on  commercialization  of  the  U.S.  Space  Station  to 
clarify  and  strengthen  the  Federal  commitment  to  private  sector  investment  in  this 
program. 

6.  Future  Privatization:  NASA  will  seek  to  rely  to  the  great-est  extent  feasible  on  private 
sector  design,  financing,  construction,  and  operation  of  future  Space  Station  require- 
ments, including  those  currently  under  study. 

7.  Remote  Sensing:  The  Administration  is  encouraging  the  development  of  commercial 
remote  sensing  systems.  As  part  of  this  effort,  the  Department  of  Commerce,  in  con- 
sultation with  other  agencies,  is  examining  potential  opportunities  for  future  Federal 
procurement  of  remote  sensing  data  from  the  U.S.  commercial  sector. 

Assuring  a Highway  to  Space 

8.  Reliance  on  Private  Launch  Services:  Federal  agencies  will  procure  existing  and 
future  required  expendable  launch  services  directly  from  the  private  sector  to  the 
fullest  extent  feasible. 

9.  Insurance  Relief  tor  Launch  Providers:  The  Administration  will  lake  administrative 
steps  to  address  the  insurance  concerns  of  the  U.S.  commercial  launch  industry, 
which  currently  uses  Federal  launch  ranges.  These  steps  include: 

• Limits  on  Third  Party  Liability:  Consistent  with  the  Administration’s  tort  policy, 
the  Administration  will  propose  to  Congress  a $200,000  cap  on  noneconomic 
damage  awards  to  individual  third  parties  resulting  from  commercial  launch  acci- 
dents; 

[4]  • Limits  on  Property  Damage  Liability:  The  liability  of  commercial  launch  opera- 
tors for  damage  to  Government  property  resulting  from  a commercial  launch 
accident  will  be  administratively  limited  to  the  level  of  insurance  required  by  the 
Department  of  Transportation.  I flosses  to  the  Government  exceed  this  level,  the 
Government  will  waive  its  right  to  recover  for  damages.  Iflosses  are  less  than  this 
level,  the  Government  will  waive  its  right  to  recover  for  those  damages  caused  by 
Government  willful  misconduct  or  reckless  disregard. 
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10.  Private  Launch  Ranges:  The  Administration  will  consult  with  the  private  sector  on  the 
potential  construction  of  commercial  launch  range  facilities  separate  from  Federal 
facilities  and  the  use  of  such  facilities  by  the  Federal  Government. 

1 l.  Vouchers  for  Research  Payloads:  NASA  and  the  Department  of  Transportation  will 
explore  providing  to  research  payload  owners  manifested  on  the  Shuttle  a one  time 
launch  voucher  that  can  be  used  to  purchase  an  alternative  U.S.  commercial  launch 
service*. 

Building  a Solid  Technology  and  Talent  Base 

12.  Space  Technology  Spin-Offs:  The  President  is  directing  that  the  new  Pathfinder  pro- 
gram, the  Civil  Space  Technology  Initiative,  and  other  technology  programs  be  con- 
ducted in  accordance  with  the  following  policies: 

• Federally  funded  contractors,  universities,  and  Federal  laboratories  will  retain  the 
rights  to  any  patents  and  technical  data,  including  copyrights,  that  result  from 
these  programs.  The  Federal  Government  will  have  the  authority  to  use  this  intel- 
lectual property  royalty  free; 

• Proposed  technologies  and  patents  available  for  licensing  will  be  housed  in  a 
Pathfinder/CSTI  library  within  NASA;  and 

• When  contracting  for  commercial  development  of  Pathfinder,  CSTI  and  other 
technology  work  products,  NASA  will  specify  its  requirements  in  a manner  that 
provides  contractors  with  maximum  flexibility  to  pursue  innovative  and  creative 
approaches. 

13.  Federal  Expertise  on  Loan  to  American  Schools:  The  President  is  encouraging 
Federal  scientists,  engineers,  and  technicians  in  aerospace  and  space  related  careers 
to  take  a sabbatical  year  to  teach  in  any  level  of  education  in  the  United  States. 

14.  Education  Opportunities:  The  President  is  requesting  in  his  FY  1989  Budget  expand- 
ing five-fold  opportunities  for  U.S.  teachers  to  visit  NASA  field  centers  and  related 
aerospace  and  university  facilities. 

In  addition,  NASA,  NSF,  and  DOD  will  contribute  materials  and  classroom  experi- 
ments through  the  Department  of  Education  to  U.S.  schools  developing  “tech  shop’ 
programs.  NASA  will  encourage  corporate  participation  in  this  program. 

15.  Protecting  U.S.  Critical  Technologies:  The  Administration  is  requesting  that  Congress 
extend  to  NASA  the  authority  it  has  given  the  Department  of  Defense  to  protect  from 
wholesale  release  under  the  Freedom  of  Information  Act  those  critical  national  tech- 
nologies and  systems  that  are  prohibited  from  export. 

[51  III.  CONTINUING  THE  NATIONAL  COMMITMENT  TO  THE  SPACE  STATION 

In  1984,  the  President  directed  NASA  to  develop  a permanently  manned  Space 
Station.  The  President  remains  committed  to  achieving  this  end  and  is  requesting  $1  bil- 
lion in  his  FY  1989  Budget  for  continued  development  and  a three  year  appropriation 
commitment  from  Congress  for  $6. 1 billion.  The  Space  Station,  planned  for  development 
in  cooperation  with  U.S.  friends  and  allies,  is  intended  to  be  a multi-purpose  facility  for 
the  Nation’s  science  and  applications  programs.  It  will  permit  such  things  in  space  as: 
research,  observation  of  the  solar  system,  assembly  of  vehicles  or  f acilities,  storage,  servic- 
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ing  of  satellites,  and  basing  for  future  spate  missions  and  commercial  and  entrepreneur- 
ial endeavors  in  space. 

To  help  ensure  a Space  Station  that  is  cost  effective,  the  President  is  proposing  as  part 
of  his  Commercial  Space  Initiative  actions  to  encourage  private  sector  investment  in  the 
Space  Station,  including  directing  NASA  to  rely  to  the  greatest  extent  feasible  on  private 
sector  design,  financing,  construction,  and  operation  of  future  Space  Station  require- 
ments. 

IV.  ADDITIONAL  HIGHLIGHTS  OF  TI  IK  JANUARY  5,  1988  NSDI) 

• Space  Leadership:  Leadership  is  reiterated  as  a fundamental  national  objective  in 
areas  of  space  activity  critical  to  achieving  U.S.  national  security,  scientific,  economic 
and  foreign  policy  goals. 

• Defining  Federal  Roles  and  Responsibilities:  Government  activities  are  specified  in 
three  separate  and  distinct  sectors:  civil,  national  security,  and  nongovernmental. 
Agency  roles  and  responsibilities  are  codified  and  specific  goals  are  established  for  the 
civil  space  sector;  those  for  other  sectors  are  updated. 

• Encouraging  a Commercial  Sector:  A separate,  nongovernmental  or  commercial 
space  sector  is  recognized  and  encouraged  by  the  Federal  Government  actions  shall 
not  preclude  or  deter  the  continuing  development  of  this  sector.  New  guidelines  are 
established  to  limit  unnecessary  Government  competition  with  the  private  sector  and 
ensure  that  Federal  agencies  are  reliable  customers  for  commercial  space  goods  and 
services. 

• The  President’s  launch  policy  prohibiting  NASA  from  maintaining  an  expendable 
launch  vehicle  adjunct  to  the  Shuttle,  as  well  as  limiting  commercial  and  foreign  pay- 
loads  on  the  Shuttle  to  those  that  are  Shuttle-unique  or  serve  national  security  or  for- 
eign policy  purposes,  is  reaffirmed.  In  addition,  policies  endorsing  the  purchase  of 
commercial  launch  services  by  Federal  agencies  are  further  strengthened. 

• National  Security  Space  Sector:  An  assured  capability  for  national  security  missions  is 
clearly  enunciated,  and  the  survivability  and  endurance  of  critical  national  security 
space  functions  is  stressed. 

• Assuring  Access  to  Space:  Assured  access  to  space  is  recognized  as  a key  element  of 
national  space  policy.  U.S.  space  transportation  systems  that  provide*  sufficient 
resiliency  to  allow  continued  operation,  despite  failures  in  any  single  system,  are 
emphasized.  The  mix  of  space  transportation  vehicles  will  be  defined  to  support  mis- 
sion needs  in  the  most  cost  effective  manner. 

• Remote  Sensing:  Policies  for  Federal  “remote  sensing”  or  observation  of  the  Earth  are 
established  to  encourage  the  development  of  U.S.  commercial  systems  competitive* 
with  or  superior  to  foreign-operated  civil  or  commercial  systems. 

Document  111-13 

Document  title:  National  Space  Policy  Directive  3,  “U.S.  Commercial  Space  Policy 
Guidelines,”  The  White  House,  February  12,  1991. 

Source:  Documentary  History  Collection,  Space  Policy  Institute,  George  Washington 
University,  Washington,  D.C. 

/ lies?  Bush  administration  guidelines  expanded  on  the  earlier  Reagan  administration  presidential 
directwe  (Document  f 11-12).  They  explicitly  recognized  the  use  of  space  for  commercial  purposes  as  an 
important  element  in  developing  the  international  competitiveness  of  the  United  States.  1'hey  detail 
many  government  initiatives  that  range  from  a requirement  to  purchase  commercially  available  space 
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products  and  services  to  the  avoidance  of  government  regulations  that  could  preclude  or  deter  com- 
mercial space  activities.  In  addition,  they  direct  the  government  to  enter  into  trade  negotiations  that 
encourage  market-oriented  competition  on  an  international  basis. 


[ no  page  number) 

National  Spare  Policy  Directive  3 
February  12,  1991 

U.S.  Commercial  Space  Policy  Guidelines 

A fundamental  objective  guiding  United  States  spate  activities  has  been  space  leader- 
ship, which  requires  preeminence  in  key  areas  of  space  activity.  In  an  increasingly  com- 
petitive international  environment,  the  U.S.  Government  encourages  the  commercial  use 
and  exploitation  of  space  technologies  and  systems  for  national  economic  benefit.  These 
efforts  to  encourage  commercial  activities  must  be  consistent  with  national  security  and 
foreign  policy  interests;  international  and  domestic  legal  obligations,  including  U.S.  com- 
mitments to  stem  missile  proliferation;  and  agency  mission  requirements. 

United  States  space  activities  are  conducted  by  three  separate  and  distinct  sectors:  two 
U.S.  Government  sectors — the  civil  and  national  security — and  a nongovernmental  com- 
mercial space  sector.  The  commercial  space  sector  includes  a broad  cross  section  of  poten- 
tial providers  and  users,  including  both  established  and  new  market  participants.  I here 
also  has  been  a recent  emergence  of  State  government  initiatives  related  to  encouraging 
commercial  space*  activities.  The  commercial  space  sector  is  comprised  of  at  least  five  mar- 
ket areas,  each  encompassing  both  Earth-  and  space-based  activities,  with  varying  degrees 
of  market  maturity  or  potential: 

Satellite  Communications — the  private  development,  manufacture,  and  operation  of 
communications  satellites  and  marketing  of  satellite  telecommunications  services, 
including  position  location  and  navigation; 

Launch  and  Vehicle  Services — the  private  development,  manufacture,  and  operation 
of  launch  and  reentry  vehicles,  and  the  marketing  of  space  transportation  services; 

Remote  Sensing — the  private*  development,  manufacture*,  and  operation  of  remote 
sensing  sale*llite*s  and  the  processing  and  marketing  of  remote  sensing  data; 

Mate  rials  Processing — the  experimentation  with,  and  production  of,  organic  and 
inorganic  materials  and  products  utilizing  the  space  environment;  and 

Commercial  Infrastructure* — the  private  development  and  provision  of  space-related 
support  facilities,  capabilities,  and  services. 

In  addition,  other  market-driven  commercial  space  sector  opportunities  are  emerging. 

The  U.S.  Government  encourages  private  investment  in,  and  broader  responsibility 
for,  space-related  activities  that  can  result  in  products  and  services  that  meet  the  needs  of 
Government  and  other  customers  in  a competitive  market.  As  a matter  of  policy,  the  U.S. 
Government  pursues  its  commercial  space  objectives  without  the  use  of  direct  Federal  sub- 
sidies. A robust  commercial  space  sector  has  the  potential  to  generate  new  technologies, 
products,  markets,  jobs,  and  other  economic  benefits  for  the  Nation,  as  well  as  indirect 
benefits  for  national  security. 
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Commercial  spac  e sector  ac  tivities  are  characterized  by  the  provision  of  products  and 
services  such  that: 

[ 1 11-20 1 — private  capital  is  at  risk; 

— there  are  existing,  or  potential,  nongovernmental  customers  for  the  activity; 

— the  commercial  market  ultimately  determines  the  viability  of  the  ac  tivity;  and 

— primary  responsibility  and  management  initiative  for  the  activity  resides  with  the 
private*  sector. 

Implementing  Guidelines 

The  following  implementing  guidelines  shall  serve  to  provide*  the  U.S.  private*  sector 
with  a level  of  stability  and  predictability  in  its  dealings  with  agencies  of  the  U.S. 
Government.  The  agencies  will  work  separately  but  cooperatively,  as  appropriate,  to  devel- 
op specific  measures  to  implement  this  strategy.  U.S.  Government  agencies  shall,  consis- 
tent with  national  security  and  foreign  policy  interests,  international  and  domestic  legal 
obligations,  and  agency  mission  requirements,  encourage  the  growth  of  the  U.S.  com- 
mercial space  sec  tor  in  accordance  with  the  following  guidelines: 

• U.S.  Government  agencies  shall  utilize  commercially  available  space  products  and  ser- 
vices to  the  fullest  extent  feasible.  This  policy  of  encouraging  U.S.  Government  agen- 
cies to  purchase,  and  the  private  sector  to  sell,  commercial  space  products  and 
servic  es  has  potentially  large  economic  benefits. 

— A space  product  or  service  is  “commercially  available”  if  it  is  c urrently  offered 
commercially,  or  if  it  could  be  supplied  commercially  in  response  to  a 
Government  procurement  request. 

— “Feasible”  means  that  products  and  set  vic  es  meet  mission  requirements  in  a cost- 
effective  manner. 

— “Cost-effective”  generally  means  that  the*  commerc  ial  product  or  se  rvice  costs  no 
more  than  governmental  development  or  directed  procurement  where  suc  h 
Government  costs  include  applicable  Government  labor  and  overhead  costs,  as 
well  as  contractor  charges  and  operations  costs. 

— However,  the  acquisition  of  commerc  ial  space*  products  and  services  shall  gener- 
ally be  considered  cost  effective  if  they  arc*  procured  competitively  using  perfor- 
mance-based contracting  techniques.  Such  contracting  techniques  give* 
contractors  the*  freedom  and  financial  inc  entive*  to  achieve  economies  of  scale  by 
combining  their  Government  and  commercial  work,  as  well  as  increased  produc  - 
tivity through  innovation. 

| III-21  ] 

— U.S.  Government  agencies  shall  actively  consider,  at  the*  earliest  appropriate  time, 
the  feasibility  of  their  using  commercially  available*  products  and  services  in 
agenc  y programs  and  activities. 

— U.S.  Government  agencies  shall  continue  to  take*  appropriate  measures  to  protec  t 
from  disclosure  any  proprietary  data  which  is  shared  with  the  U.S.  Government 
in  the  acquisition  of  commercial  space  products  and  servic  es. 

• Government  agencies  shall  promote  the  transfer  of  U.S.  Government-developed  tech- 
nology' to  the  private  sector. 

— U.S.  Government-developed  unclassified  space  technology  will  be  transferred  to 
the*  U.S.  commercial  space  sec  tor  in  as  timely  a manner  as  possible  and  in  ways 
that  protect  its  commercial  value. 

— U.S.  Government  agencies  may  undertake  cooperative*  research  and  development 
activities  with  the  private  sector,  as  well  as  State  and  local  governments,  consistent 
with  policies  and  funding,  in  order  to  fulfill  mission  requirements  in  a manner 
whidi  encourages  the  creation  of  commercial  opportunities. 
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— With  respect  to  technologies  generated  in  the  perf  ormance  of  Government  contracts, 
U.S.  (lowrnincni  agencies  shall  obtain  only  (host*  rights  necessary  to  meet 
Government  needs  and  mission  requirements,  as  directed  by  Executive  Order  12691 . 

• U.S.  Government  agencies  may  make  unused  capacity  of  space  assets,  services,  and 
infrastructure  available  for  commercial  space  sector  use. 

— Private  sector  use  of  U.S.  Government  agency  space  assets,  services,  and  infra- 
structure shall  be  made  available  on  a reimbursable  basis  consistent  with  OMB 
Circular  A-26  or  appropriate  legislation. 

• Government  agencies  may  make  available  to  the  private  sector  those  assets  which  have 
been  determined  to  be  excess  to  the  requirements  of  the  U.S.  Government  in  accor- 
dance with  U.S.  law  and  applicable  international  treaty  obligations.  Due  regard  shall 
be  given  to  the  economic  impact  such  transfer  may  have  on  the  commercial  space  sec- 
tor, promoting  competition,  and  the  long-term  public  interest. 

• The  U.S.  Government  shall  avoid  regulating  domestic  space  activities  in  a manner 
that  precludes  or  deters  commercial  space  set  tor  activities,  except  to  the  extent  nec- 
essary to  meet  international  and  domestic  legal  obligations,  including  those  of  the 
Missile  lech nologv  Control  Regime. 

Document  111-14 

Document  title:  “Fact  Sheet,  National  Space  Policy,’1  The  White  House,  National  Science 
and  Technology  Council,  September  19,  1996. 

Source:  Documentary  History  Collection,  Space  Policy  Institute,  George  Washington 
University,  Washington,  D.C. 

While  this  addresses  a full  range  of  space  policy  issues , it  is  also  the  first  presidential  spare  polity  direc- 
tive that  directly  and  specifically  details  the  process  l/y  which  the  government  can  stimulate  economic  and 
business  activity  from  space  programs.  It  reflects  the  end  of  the  Cold  War,  the  shrinking  federal  discre- 
tionary budget , the  maturity  of  some  parts  of  the  space  program,  and  international  competitive  pressures. 
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Fact  Sheet 

National  Space  Policy 

Introduction 


( 1 ) For  over  three  dec  ades,  the  United  States  has  led  the  world  in  the  exploration  and  use 
of  outer  space.  Our  achievements  in  space  have  inspired  a generation  of  Americ  ans 
and  people  throughout  the  world.  We  will  maintain  this  leadership  role  by  support- 
ing a strong,  stable  and  balanced  national  space  program  that  serves  our  goals  in 
national  security,  foreign  policy,  economic  growth,  environmental  stewardship  and 
scientific  and  technical  excellence.  Access  to  and  use  of  space  is  central  for  preserv- 
ing peace  and  protecting  U.S.  national  security  as  well  as  civil  and  commercial  inter- 
ests- flu*  United  States  will  pursue  greater  levels  of  partnership  and  cooperation  in 
national  and  international  space  activities  and  work  with  other  nations  to  ensure  the 
continued  exploration  and  use  of  outer  space  for  peaceful  purposes. 
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(2)  The  goals  of  the  U.S.  space  program  are  to: 

(a)  Enhance  knowledge  of  the  Earth,  the  solar  system  and  the  universe  through 
human  and  robotic  exploration; 

(b)  Strengthen  and  maintain  the  national  security  of  the  United  States; 

(c)  Enhance  the  economic  competitiveness,  and  scientific  and  technical  capabilities 
of  the  United  Stales; 

(d)  Encourage  Stale,  local  and  private  sector  investment  in  and  use  of  space  tech- 
nologies; 

(e)  Promote  international  cooperation  to  further  U.S.  domestic,  national  security, 
and  foreign  policies. 

(3)  The  United  States  is  committed  to  the  exploration  and  use  of  outer  space  by  all 
nations  for  peacef  ul  purposes  and  lor  the  benefit  of  all  humanity.  "Peaceful  purpos- 
es” allow  defense  and  intelligence-related  activities  in  pursuit  of  national  security  and 
other  goals.  The  United  States  rejects  any  claims  to  sovereignty  by  any  nation  over 
outer  space  or  celestial  [2]  bodies,  or  any  portion  thereof  and  rejects  any  limitations 
on  the  fundamental  right  of  sovereign  nations  to  acquire  data  from  space.  The  United 
States  considers  the  space  systems  of  any  nation  to  be  national  property  with  the  right 
of  passage  through  and  operations  in  space  without  interference.  Purposeful  inter- 
ference with  space  systems  shall  be  viewed  as  an  infringement  on  sovereign  rights. 

(4)  The  U.S.  Government  will  maintain  and  coordinate  separate  national  security  and 
civil  space  systems  where  differing  needs  dictate.  All  actions  undertaken  by  agencies 
and  departments  in  implementing  the  national  space  policy  shall  be  consistent  with 
U.S.  law,  regulations,  national  security  requirements,  foreign  policy,  international 
obligations  and  nonproliferation  policy. 

(n)  The  National  Science  and  Technology  Council  (NSTC)  is  the  principal  forum  for 
resolving  issues  related  to  national  space  policy.  As  appropriate,  the  NSTC  and  NSC 
will  co-chair  policy  processes. 

This  policy  will  be  implemented  within  the  overall  resource  and  policy  guidance  provid- 
ed by  the  President. 


Civil  Space  Guidelines 

(1)  The  National  Aeronautics  and  Space  Administration  is  the  lead  agency  for  research 
and  development  in  civil  space  activities. 

(2)  NASA,  in  coordination  with  other  departments  and  agencies  as  appropriate,  will  focus 
its  research  and  development  efforts  in:  space  science  to  enhance  knowledge  of  the 
solar  system,  the  universe,  and  fundamental  natural  and  physical  sciences;  Earth 
observation  to  better  understand  global  change  and  the  effect  of  natural  and  human 
influences  on  the  environment;  human  spaceflight  to  conduct  scientific,  commercial, 
exploration  activities;  and  space  technologies  and  applications  to  develop  new  tech- 
nologies in  support  of  U.S.  Government  needs  and  our  economic  competitiveness. 

(3)  To  enable  these  activities,  NASA  will: 

(a)  Develop  and  operate  the  International  Space  Station  to  support  activities  requir- 
ing the  unique  attributes  of  humans  in  space  and  establish  a permanent  human 
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presence  in  Earth  orbit.  I lu*  International  Space  Station  will  support  future  deci- 
sions on  the  feasibility  and  desirability  of  conducting  further  human  exploration 
activities. 

(b)  Work  with  the  private  sector  to  develop  flight  demonstrators  that  will  support  a 
decision  by  the  end  of  the  decade  on  development  of  a next-generation  reusable 
launch  system. 

(3)  (c)  Continue  a strong  commitment  to  space  science  and  Earth  science  programs. 

NASA  will  undertake: 

(i)  a sustained  program  to  support  a robotic  presence  on  the  surface  of  Mars  by 
year  2000  for  the  purposes  of  scientific  research,  exploration  and  technology 
development; 

(ii)  a long-term  program,  using  innovative  new  technologies,  to  obtain  in-situ  mea- 
surements and  sample  returns  from  the  celestial  bodies  in  the  solar  system; 

(iii) a  long-term  program  to  identify  and  characterize  planetary  bodies  in  orbit 
around  other  stars; 

(iv)  a program  of  long-term  observation,  research,  and  analysis  of  the  Earth’s 
land,  oceans,  atmosphere  and  their  interactions,  including  continual  mea- 
surements from  the  Earth  Observing  System  by  1998. 

(d)  In  carrying  out  these  activities,  NASA  will  develop  new  and  innovative  space  tech- 
nologies and  smaller  more  capable  spacecraft  to  improve  the  performance  and 
lower  the  cost  of  future  space  missions. 

(4)  In  the  conduct  of  these  researc  h and  development  programs,  NASA  will: 

(a)  Ensure  safety  on  all  space  flight  missions  involving  the'  Space'  Shuttle*  and  the* 
International  Space  Station. 

(b)  Emphasize  flight  programs  that  reduce  mission  costs  and  development  times  by 
implementing  innovative  procurement  practices,  validating  new  technologies  and 
promoting  partnerships  between  government,  industry,  and  academia. 

(e)  Acquire  spacecraft  from  the  private  sector  unless,  as  determined  by  the  NASA 
Administrator,  development  requires  the  unique'  technical  capabilities  of  a NASA 
center. 

(d)  Make  use  of  relevant  private  sector  remote  sensing  capabilities,  data,  and  infor- 
mation products  and  establish  a demonstration  program  to  purchase  data  prod- 
ucts from  the  U.S.  private*  sector. 

(e)  Use  competition  and  peer  review  to  select  scientific  investigators. 

(0  Seek  to  privatize  or  commercialize  its  space  communications  operations  no  later 
than  2005. 

[ 4 1 (g)  Examine  with  I)oI),  NOAA  and  other  appropriate  federal  agencies,  the  feasibility 
of  consolidating  ground  facilities  and  data  communications  systems  that  cannot 
otherwise  be  provided  by  the  private  sector. 

(5)  fhe  Department  of  Commerce  (DoC),  through  the  National  Oceanic  and  Atmospheric 
Administration  (NOAA),  has  the  lead  responsibility  for  managing  Federal  space-based 
civil  operational  Earth  observations  necessary  to  meet  civil  requirements.  In  this  role, 
the  DoC,  in  coordination  with  other  appropriate  agencies,  will: 

(a)  acquire  data,  conduct  research  and  analyses,  and  make  required  predictions 
about  the  Earth’s  environment; 

(b)  consolidate  operational  U.S.  ( lover nment  civil  requirements  for  data  products, 
and  define  and  operate  Earth  observation  systems  in  support  of  operational  mon- 
itoring needs;  and 

(c)  in  accordance*  with  current  policy  and  Public  Law  102—555  provide  for  the*  regu- 
lation and  licensing  of  the  operation  of  private*  sector  remote  sensing  systems. 
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(6)  The  Department  of  the  Interior,  through  the  U.S.  Geological  Survey  (USGS),  will 
maintain  a national  archive  of  land  remote  sensing  data  and  other  surface  data  as 
appropriate,  making  such  data  available  to  U.S.  Government  and  other  users. 

(7)  The  Department  of  Energy  will  maintain  the  necessary  capability  to  support  civil 
space  missions,  including  research  on  space  energy  technologies  and  space  radiation 
effects  and  safety. 

National  Security  Space  Guidelines 

(1)  The  United  States  will  conduct  those  space  activities  necessary  for  national  security. 
These  activities  will  be  overseen  by  the  Secretary  of  Defense  and  the  Director  of 
Central  Intelligence  (DCI)  consistent  with  their  respective  responsibilities  as  set  forth 
in  the  National  Security  Act  of  1947,  as  amended,  other  applicable  law,  and  Executive 
Order  123H3.  Other  departments  and  agencies  will  assist  as  appropriate. 

(2)  Improving  our  ability  to  support  military  operations  worldwide,  monitor  and  respond 
to  strategic  military  threats,  and  monitor  arms  control  and  non-proliferation  agree- 
ments and  activities  are  key  priorities  for  national  security  space  activities.  The 
Secretary  of  Defense  and  DCI  shall  ensure  that  defense  and  intelligence  space  activi- 
ties are  closely  coordinated;  that  space  architectures  are  integrated  to  the  maximum 
extent  feasible;  and  will  continue  to  modernize  and  improve  their  respective  activities 
to  collect  against,  and  respond  to,  changing  threats,  environments  and  adversaries. 

[f, J (3)  National  security  space  activities  shall  contribute  to  U.S.  national  security  by: 

(a)  providing  support  for  the  United  States1  inherent  right  of  self-defense  and  our 
defense  commitments  to  allies  and  friends; 

(b)  deterring,  warning,  and  if  necessary,  defending  against  enemy  attack; 

(c)  assuring  that  hostile  forces  cannot  prevent  our  own  use  of  space; 

(d)  countering,  if  necessary,  space  systems  and  services  used  for  hostile  purposes; 

(e)  enhancing  operations  of  U.S.  and  allied  forces; 

(f)  ensuring  our  ability  to  conduct  military  and  intelligence  space-related  activities; 

(g)  satisfying  military  and  intelligence  requirements  during  peace  and  crisis  as  well  as 
through  all  levels  of  conflict; 

(h)  supporting  the  activities  of  national  policy  makers,  the  intelligence  community, 
the  National  Command  Authorities,  combatant  commanders  and  the  military  ser- 
vices, other  federal  officials,  and  continuity  of  government  operations. 

(4)  Critical  capabilities  necessary  for  executing  space  missions  must  be  assured.  This 
requirement  will  be  considered  and  implemented  at  all  stages  of  architecture  and  sys- 
tem planning,  development,  acquisition,  operation,  and  support. 

(5)  The  Department  of  Energy,  in  coordination  with  DoD,  AC  DA  [the  Arms  Control  and 
Disarmament  Agency]  and  the  DCI  will  carry  out  research  on  and  development  of 
technologies  needed  to  effectively  verify  international  agreements  to  control  special 
nuclear  materials  and  nuclear  weapons. 

(6)  Defense  Space  Sector  Guidelines: 

(a)  DoD  shall  maintain  the  capability  to  execute  the  mission  areas  of  space  support, 
force  enhancement,  space  control  and  force  application. 

(b)  In  accordance  with  Executive  Orders  and  applicable  directives,  DoD  shall  protect 
critical  space-related  technologies  and  mission  aspects. 
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(c)  DoD,  as  launc  h agent  for  both  the  defense  and  intelligence  sectors,  will  maintain 
the  capability  to  evolve  and  support  those  space  transportation  systems,  infra- 
structure, and  support  activities  necessary  to  meet  national  security  requirements. 
DoD  will  be  the  lead  agency  for  improvement  and  evolution  of  the  current 
expendable  launch  vehicle  fleet,  including  appropriate  technology  development. 

[6]  (d)  DoD  will  pursue  integrated  satellite  control  and  continue  to  enhance  the  robust- 

ness of  its  satellite  control  capability.  DoD  will  coordinate  with  other  departments 
and  agencies,  as  appropriate,  to  foster  the  integration  and  interoperability  of 
satellite  control  for  all  governmental  space  activities. 

(e)  The  Secretary  of  Defense  will  establish  DoD’s  specific  requirements  for  military 
and  national-level  intelligence  information. 

(f)  The  Secretary  of  Defense,  in  concert  with  the  DCI,  and  for  the  purpose  of  sup- 
porting operational  military  forces,  may  propose  modifications  or  augmentations 
to  intelligence  space  systems  as  necessary.  The  DoD  may  develop  and  opeiate 
space  systems  to  support  military  operations  in  the  event  that  intelligence  space 
systems  cannot  provide  the  necessary  intelligence  support  to  the  DoD. 

(g)  Consistent  with  treaty  obligations,  the  United  States  will  develop,  operate  and 
maintain  space  control  capabilities  to  ensure  freedom  of  action  in  space  and,  if 
directed,  deny  such  freedom  of  action  to  adversaries.  These  capabilities  may  also 
he  enhanced  by  diplomatic,  legal  or  military  measures  to  preclude  an  adversary’s 
hostile  use  of  space  systems  and  services.  The  U.S.  will  maintain  and  modernize 
space  surveillance  and  associated  battle  management  command,  control,  com- 
munications, computers,  and  intelligence  to  effectively  detect,  track,  categorize, 
monitor,  and  characterize  threats  to  U.S.  and  friendly  space  systems  and  con- 
tribute to  the  protection  of  U.S.  military  activities. 

(h)  The  United  States  will  pursue  a ballistic  missile  defense  program  to  provide  for: 
enhanced  theater  missile  defense  capability  later  this  decade;  a national  missile 
defense  deployment  readiness  program  as  a hedge  against  the  emergence  of  a 
long-range  ballistic  missile  threat  to  the  United  States;  and  an  advanced  technol- 
ogy' program  to  provide  options  for  improvements  to  planned  and  deployed 
defenses. 

(7)  Intelligence  Space  Sector  Guidelines: 

(a)  The  DCI  shall  ensure  that  the  intelligence  space  sector  provides  timely  informa- 
tion and  data  to  support  foreign,  defense  and  economic  policies;  military  opera- 
tions; diplomatic  activities;  indications  and  warning;  crisis  management;  and 
treaty  verification,  and  that  the  sector  performs  research  and  development  relat- 
ed to  these  functions. 

(b)  The  DCI  shall  continue  to  develop  and  apply  advanced  technologies  that  respond 
to  changes  in  the  threat  environment  and  support  national  intelligence  priorities. 

(c)  The  DCI  shall  work  closely  with  the  Secretary  of  Defense  to  improve  the  intelli- 
gence space  sector’s  ability  to  support  military  operations  worldwide. 

1 7]  (d)  The  nature,  the  attributable  collected  information  and  the  operational  details  of 
intelligence  space  activities  will  be  classified.  The  DCI  shall  establish  and  imple- 
ment policies  to  provide  appropriate  protection  for  such  data,  including  provi- 
sions for  the  declassification  and  release  of  such  information  when  the  DCI 
deems  that  protection  is  no  longer  required. 

(e)  Collected  information  that  cannot  be  attributed  to  space  systems  will  he  classified 
according  to  its  content. 

(f)  These  guidelines  do  not  apply  to  imagery  product,  the  protection  of  which  is  gov- 
erned by  Executive  Order  12951. 
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(g)  Strict  security  procedures  will  be  maintained  to  ensure  that  public  discussion  of 
satellite  reconnaissance  by  Executive  Branch  personnel  and  contractors  is  consis- 
tent with  DCI  guidance.  Executive  Branch  personnel  and  contractors  should 
refrain  from  acknowledging  or  releasing  information  regarding  satellite  recon- 
naissance until  a security  review  has  been  made. 

(h)  The  following  facts  are  UNCLASSIFIED: 

(i)  That  the  United  States  conducts  satellite  phoiorcconnaissance  for  peaceful 
put  poses,  including  intelligence  collection  and  monitoring  arms  control 
agreements. 

(ii)  That  satellite  photoreconnaissance  includes  a near  real-time  capability  and  is 
used  to  piovide  defense-related  information  for  indications  and  warning,  and 
the  planning  and  conduct  of  military  operations. 

(iii)  That  satellite  photoieconnaissance  is  used  in  the  collection  of  mapping, 
charting,  and  geodetic  data  and  such  data  is  provided  to  authorized  federal 
agencies. 

(iv)  1 hat  satellite  photoreconnaissance  is  used  to  collect  mapping,  charting  and 
geodetic  data  to  develop  global  geodetic  and  cartographic  materials  to  sup- 
port defense  and  other  mapping-related  activities. 

(v)  That  satellite  photoreconnaissance  can  be  used  to  collect  scientific  and  envi- 
ronmental data  and  data  on  natural  or  man-made  disasters,  and  such  data 
can  be  disseminated  to  authorized  federal  agencies. 

(vi)  That  photoreconnaissance  assets  can  be  used  to  image  the  United  Slates  and 
its  territories  and  possessions. 

(vii)  That  the  U.S.  conducts  overhead  signals  intelligence  collection. 

1<S]  ( vi  ii ) That  the  U.S.  conducts  overhead  measurement  and  signature  intelligence 

collection. 

(ix)  The  existence  of  the  National  Reconnaissance  Office  (NRO)  and  the  identi- 
fication and  offic  ial  titles  of  its  senior  officials. 

All  other  details,  facts  and  products  of  intelligence  space  activities  arc*  subject 
to  appropriate  classification  and  security  controls  as  determined  by  the1  DCI. 

(i)  Changes  to  the  space  intelligence  security  policy  set  forth  in  the  national  space 
policy  can  be  authorized  only  by  the  President. 

Commercial  Space  (guidelines 

(1)  The  fundamental  goal  of  U.S.  commercial  space  policy  is  to  support  and  enhance  U.S. 
economic  competitiveness  in  space  activities  while  protecting  U.S.  national  security 
and  foreign  policy  interests.  Expanding  U.S.  commercial  space  activities  will  generate 
economic  benefits  for  the  Naiion  and  provide  the  U.S.  Government  with  an  increas- 
ing range  of  space  goods  and  services. 

(2)  l .S.  Government  agencies  shall  purchase  commercially  available  space  goods  and  ser- 
vices to  the  fullest  extent  feasible  and  shall  not  conduct  activities  with  commercial 
applications  that  preclude  or  deter  commercial  space  activities  except  for  reasons  of 
national  security  or  public  safety.  A space  good  or  service  is  “commercially  available” 
if  it  is  cut  tently  offered  commercially,  or  if  it  could  be  supplied  commercially  in 
response  to  a government  service  procurement  request.  “Feasible”  means  that  such 
goods  or  services  meet  mission  requirements  in  a cost-effective  manner. 

(3)  I he  United  States  will  pursue  its  commercial  space  objectives  without  the  use  of  direct 
Fedeial  subsidies.  Commercial  Sector  space*  activities  shall  be  supervised  or  regulated 
only  to  the  extent  required  by  law,  national  security,  international  obligations  and 
public  safety. 
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(4)  To  stimulate*  private  sector  investment,  ownership,  and  operation  of  space  assets,  the 
U.S.  (Government  will  facilitate  stable  and  predictable  II. S.  commercial  sector  access 
to  appropriate  U.S,  (Government  space-related  hardware,  facilities  and  data.  The  U.S. 
(Government  reserves  the  right  to  use  such  hardware,  facilities  and  data  on  a priority 
basis  to  meet  national  security  and  critical  civil  sector  requirements.  (Government 
Space  Sectors  shall: 

(a)  Enter  into  appropriate  cooperative  agreements  to  encourage  and  advance  private 
sector  basic  research,  development,  and  operations  while  protecting  tin*  com- 
mercial value  of  the  intellectual  property  developed. 

|9|  (b)  Identify  and  propose  appropriate  amendments  to  or  the  elimination  of  applica- 
ble portions  of  United  States  laws  and  regulations  that  unnecessarily  impede  com- 
mercial space  sector  activities. 

(c)  Consistent  with  national  security,  provide  for  the  timely  transfer  of  government- 
developed  space  technology  to  the  private  sector  in  such  a manner  as  to  protect 
its  commercial  value,  including  retention  of  technical  data  rights  by  tin*  private 
sector. 

(d  ) To  the  extent  feasible,  pursue  innovative  methods  for  procurement  of  space  prod- 
ucts and  services. 

(а)  Free  and  fair  trade  in  commercial  space  launch  services  is  a goal  of  the  United  States. 
In  support  of  this  goal,  the  United  States  will  implement,  at  the  expiration  of  current 
space  launch  agreements,  a strategy  for  transitioning  from  negotiated  trade  in  launch 
services  towards  a trade  environment  characterized  by  the  fret*  and  open  interaction 
of  market  economies.  The  U.S.  Trade  Representative,  in  coordination  with  the  Office 
of  Science  and  Technology  Policy  and  the  National  Economic  Council,  will  develop  a 
strategy  to  guide  this  implementation. 

(б)  Consistent  with  Executive  Order  12046  and  applicable  statutes,  U.S.  (Government 
agencies  and  departments  will  ensure  that  U.S.  (Government  telecommunications 
policies  support  a competitive  international  environment  for  space-based  telecom- 
munications. 

Intersect  or  (Guidelines 


The  following  paragraphs  identify  priority  intersector  guidance  to  support  major  United 

States  space  policy  objectives. 

(1)  International  Cooperation 

The  United  States  will  pursue  and  conduct  international  cooperative  space-related 
activities  that  achieve  scientific,  foreign  policy,  economic,  or  national  security  benefits 
for  i he  nation.  International  agreements  related  to  space  activities  shall  be  subject  to 
normal  interagency  coordination  procedures,  consistent  with  applicable  laws  and 
regulations.  United  States  cooperation  in  international  civil  space  activities  will: 

(a)  Promote  equitable  cost-sharing  and  yield  benefits  to  the  United  States  by  increas- 
ing access  to  foreign  scientific  and  technological  data  and  expertise  and  foreign 
research  and  development  facilities; 

(b)  Enhance*  relations  with  U.S.  allies  and  Russia  while  supporting  initiatives  with 
other  states  of  the  former  Soviet  Union  and  emerging  spacefaring  nations; 

(c)  Support  U.S.  technology  transfer  and  nonproliferation  objectives; 

1 10]  (el)  ( ’.reale  new  opportunities  for  U.S.  commercial  space*  activities;  and 
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(e)  Protect  the  commercial  value  of  intellectual  property  developed  with  Federal  sup- 
port and  ensure  that  technology  transfers  resulting  from  cooperation  do  not 
undermine  U.S.  competitiveness  and  national  security. 

(0  In  support  of  these  objectives: 

(i)  NASA  and  the  Department  of  State  will  negotiate  changes  in  the  existing 
legal  framework  for  International  Space  Station  cooperation  to  include 
Russia  in  the  program  along  with  the  United  States,  Europe,  Japan,  and 
Canada;  and 

(ii)  NASA,  in  coordination  with  concerned  U.S.  Government  agencies,  will 
explore  with  foreign  space  agencies  and  international  organizations  the  pos- 
sible adoption  of  international  standards  for  the  interoperability  of  civil 
research  spacecraft  communication  and  control  facilities. 

(2)  Space  Transportation 

(a)  Assuring  reliable  and  affordable  access  to  space  through  U.S.  space  transporta- 
tion capabilities  is  fundamental  to  achieving  national  space  policy  goals. 
Therefore,  the  United  States  will: 

(i)  Balance  efforts  to  modernize  existing  space  transportation  capabilities  with 
the  need  to  invest  in  the  development  of  improved  future  capabilities; 

(ii)  Maintain  a strong  transportation  capability  and  technology  base  to  meet 
national  needs  for  space  transport  of  personnel  and  payloads; 

(iii)  Promote  reduction  in  the  cost  of  current  space  transportation  systems  while 
improving  their  reliability,  operability,  responsiveness,  and  safety; 

(iv)  Foster  technology  development  and  demonstration  to  support  a future  dec  i- 
sion on  the  development  of  next  generation  reusable  space  transportation 
systems  that  greatly  reduce  the  cost  of  ac  cess  to  space; 

(v)  Encourage,  to  the  fullest  extent  feasible,  the  cost-effective  use  of  commer- 
cially provided  U.S.  produc  ts  and  services  that  meet  mission  requirements; 
and 

(vi)  Foster  the  international  competitiveness  of  the  U.S.  commercial  spac  e trans- 
portation industry,  actively  considering  commercial  needs  and  [ 1 1 1 factoring 
them  into  decisions  on  improvements  to  launch  fac  ilities  and  vehicles. 

(b)  The  Department  of  Transportation  (Do  F)  is  the  lead  agency  within  the  Federal 
government  for  regulatory  guidance  pertaining  to  commercial  space  transporta- 
tion activities,  asset  forth  in  49  U.S.U.  § 701,  et  seq.,  and  Executive  Order  12465. 
File  U.S.  Government  encourages  and  will  facilitate  U.S.  private  sec  tor  and  state* 
and  local  government  space  launch  and  recovery  activities. 

(c)  All  activities  related  to  space  transportation  undertaken  by  U.S.  agencies  and 
departments  will  be  consistent  with  PDD/NSTC-4 

(3)  Space-based  Earth  Observation 

(a)  The  United  Stales  requires  a continuing  capability  for  space-based  Earth  obser- 
vation to  provide  information  useful  for  protecting  public  health,  safety,  and 
national  security.  Such  a capability  contributes  to  economic  grow  th  and  stimu- 
lates educational,  scientific  and  technological  advancement.  The  U.S. 
Government  will: 

(i)  Continue  to  develop  and  operate  space-based  Earth  observing  systems,  includ- 
ing satellites,  instruments,  data  management  and  dissemination  activities; 

(ii)  Continue  research  and  development  of  advanced  space-based  Earth  observation 
technologies  to  improve  the  quality  and  reduce  the  costs  of  Earth  observations; 
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(iii)  Support  the  development  of  U.S.  commercial  Earth  observation  capabilities 

by: 

- pursuing  technology  development  programs,  including  partnerships 
with  industry; 

- licensing  the  operation  and,  as  appropriate,  the  export  of  private  Earth 
observation  systems  and  technologies,  consistent  with  existing  policy; 

- providing  U.S.  Government  civil  data  to  commercial  firms  on  a non-dis- 
criminatory  basis  to  foster  the  growth  of  the  “value-added"  data  enhance- 
ment industry;  and 

- making  use,  as  appropriate,  of  relevant  private  sector  c apabilities,  data, 
and  information  products  in  implementing  this  polic  y. 

12 1 (iv)  Produce  and  archive  long-term  environmental  data  sets. 

(b)  The  U.S.  Government  will  continue  to  use  Earth  observation  systems  to  collect 
e nvironmental  data  and  provide  all  U.S.  Government  civil  environmental  data 
and  data  products  consistent  with  OMB  Circular  A- 130,  applicable  statute  and 
guidelines  contained  in  this  directive. 

(c)  The  U.  S.  Government  will  seek  mutually  beneficial  cooperation  with  IJ.S.  com- 
mercial and  other  national  and  international  Earth  observation  system  develop- 
ers and  operators,  to: 

(i)  define  an  integrated  global  observing  strategy  lor  civil  applications; 

(ii)  develop  U.S.  Government  civil  Earth  observing  systems  in  coordination  with 
other  national  and  international  systems  to  ensure  the*  efficient  collection 
and  dissemination  of  the  widest  possible  set  of  environmental  measurements; 

(iii)  obtain  Earth  observation  data  from  non-U. S.  sources,  and  seek  to  make  such 
data  available  to  users  consistent  with  OMB  Circular  A- 130,  national  security 
requirements,  and  commercial  sector  guidance  contained  in  the*  national 
space  polic  y;  and 

(iv)  support,  as  appropriate*,  the  public,  non-disc  riminalory  direct  read-out  of 
data  from  Federal  civil  systems. 

(d)  The  I J.S.  Government  space  sectors  will  coordinate,  and  where  feasible,  seek  to 
consolidate*  Earth  observation  activities  to  reduce  overlaps  in  development,  mea- 
surements, information  processing,  and  archiving  where  cost-effective*  and  con- 
sistent with  U.S.  space  goals. 

(i)  In  accordance*  with  PDD/NSTC-2,  DoC/NOAA,  DoD,  and  NASA  shall  estaU 
lish  a single,  converged,  National  Polar-Orbiting  Environmental  Satellite 
System  (NPOESS)  to  satisfy  civil  and  national  security  requirements. 

(ii)  NASA,  DoG/NOAA,  DoD,  the  Intelligence  Community,  and  DoE  shall  work 
together  to  identify,  develop,  demonstrate,  and  transition  advanced  tech- 
nologies to  U.S.  Earth  observation  satellite  systems. 

(iii)  In  accordance  with  PDD/NSTC-3,  NASA,  DoC/NOAA,  and  DoI/USGS  shall 
develop  and  operate  an  ongoing  program  to  measure  the*  Earth's  land  sur- 
face* from  space  and  ensure  the  continuity  of  the  Landsat-type  data  set. 

13J  (iv)  Consistent  with  national  security,  the  U.S.  Government  space  sectors  shall 
continue  to  identify  national  security  products  and  services  that  can  con- 
tribute to  global  change  research  and  civil  environmental  monitoring,  and 
see*k  to  make  technology,  products  and  services  available  to  civil  agencies  for 
such  uses.  Both  unclassified  and,  as  appropriate,  classified  data  from  nation- 
al security  programs  will  be*  provided  through  established  mechanisms. 

i)  Nonproliferation,  Export  Controls,  and  Technology' Transfer 

(a)  The  MTCR  [Missile  Technology  Control  Regime]  Guidelines  are  not  designed  to 
impede*  national  space  programs  or  international  cooperation  in  such  programs 


472 


Space  as  an  Investment  in  Economic  Growth 


as  long  as  such  programs  could  not  contribute  to  delivery  systems  for  weapons  of 
mass  destruction.  Consistent  with  U.S.  nonproliferation  policy;  the  United  States 
will  continue  to  oppose  missile  programs  of  proliferation  concern,  and  will  exer- 
cise particular  restraint  in  missile-related  cooperation.  The  United  States  will  con- 
tinue to  retain  a strong  presumption  of  denial  against  exports  of  complete  space 
launch  vehicles  or  other  MTCR  Category  I components. 

(b)  The  United  States  will  maintain  its  general  policy  of  not  supporting  the  develop- 
ment or  acquisition  of  space  launch  vehicle  systems  in  non-MTCR  states. 

(c)  For  MTCR  countries  we  will  not  encourage  new  space  launch  vehicle  programs 
which  raise  questions  from  a proliferation  and  economic  standpoint.  The  United 
Slates  will,  however,  consider  exports  of ’ MTCR-con trolled  items  to  MTCR  coun- 
tries. Additional  safeguard  measures  could  also  be  considered  for  such  exports, 
where  appropriate,  Any  exports  would  remain  subject  to  the  non-transfer  provi- 
sions of  the  INF  | International  Nuclear  Forces]  and  START  treaties. 

(d)  The  United  States  will  work  to  stem  the  flow  of  advanced  space  technology-'  to 
unauthorized  destinations.  Executive  departments  and  agencies  will  be  fully 
responsible  for  protecting  against  adverse  technology  transfer  in  the  conduct  of 
their  programs. 

(e)  In  entering  into  space-related  technology  development  and  transfer  agreements 
with  other  countries,  Executive  Departments  and  Agencies  will  take  into  consid- 
eration whether  such  countries  practice  and  encourage  free  and  fair  trade  in 
commercial  space  activities. 

(5)  Arms  Control 

The  United  States  will  consider  and,  as  appropriate,  formulate  policy  positions  on 
arms  control  and  related  measures  governing  activities  in  space,  and  will  conclude 
agreements  on  such  measures  only  if  they  are  equitable,  effectively  verifiable,  and 
enhance  the  security  1 14]  of  the  United  States  anti  our  allies.  The  Arms  Control  and 
Disarmament  Agency  (ACDA)  is  the  principal  agency  within  the  Federal  government 
for  arms  control  matters.  ACDA,  in  coordination  with  the  DoD,  DC1,  State,  DoF,  and 
other  appropriate  Federal  agencies,  will  identify  arms  control  issues  and  opportuni- 
ties related  to  space  activities  and  examine  concepts  for  measures  that  support  nation- 
al security  objectives. 

(6)  Space  Nuclear  Power 

The  Department  of  Energy  will  maintain  the  necessary  capability  to  support  space* 
missions  w hich  may  require  the  use  of  space  nuclear  power  systems.  U.S.  Government 
agency  proposals  for  international  cooperation  involving  space  nuclear  power  systems 
are  subject  to  normal  interagency  review-  procedures.  Space  nuclear  reactors  w ill  not 
be  used  in  Earth  orbit  without  specific  approval  by  the  President  or  his  designee.  Such 
requests  for  approval  will  take  into  account  public  safety,  economic  considerations, 
international  treaty  obligations,  and  U.S.  national  security  and  foreign  policy  inter- 
ests. The  Office  of  Science  and  Technology'  Policy,  in  coordination  with  the  NSC]  staff, 
will  examine  the  existing  approval  process,  including  measures  to  address  possible 
commercial  use  of  space  nuclear  systems 

(7)  Space  Debris 

(a)  The  United  States  will  seek  to  minimize  the  creation  of  spare  debris.  NASA,  the 
Intelligence  Community,  and  the  DoD,  in  cooperation  with  the  private  sector,  will 
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develop  design  guidelines  for  future  government  pronirement  of  spac  er  raft, 
launc h vehicles,  and  services.  The  design  and  operation  of  space  tests,  experi- 
ments and  systems,  will  minimize  or  reduce  accumulation  of  space  debris  consis- 
tent with  mission  requirements  and  cost  effectiveness. 

(b)  It  is  in  the  interest  of  the  U.S.  Government  to  ensure  that  space  debris  minimiza- 
tion practices  are  applied  by  other  spacefaring  nations  and  international  organi- 
zations. The  U.S.  Government  will  take  a leadership  role  in  international  fora  to 
adopt  policies  and  practices  aimed  at  debris  minimization  and  will  cooperate 
internationally  in  the  exchange  of  information  on  debris  research  and  the  iden- 
tification of  debris  mitigation  options. 

(8)  Government  Pric  ing 

The  price  charged  for  the  use  of  U.S.  Government  facilities,  equipment,  and  service, 

will  be  based  on  the  following  principles: 

(a)  Prices  charged  to  U.S.  private4  sector,  state  and  local  government  space  activities 
for  the  use  of  U.S.  Government  facilities,  equipment,  and  services  will  be  based 
on  costs  consistent  with  Federal  guidelines,  applicable  statutes  and  the  commer- 
cial guidelines  contained  within  the  policy.  The  U.S.  Government  will  not  seek  to 
[15 1 recover  design  and  development  costs  or  investments  associated  with  any 
existing  facilities  or  new  facilities  required  to  meet  U.S.  Government  needs  and 
to  which  the  U.S.  Government  retains  title. 

(b)  Consistent  with  mission  requirements,  NASA  and  DoD  will  seek  to  use  consistent 
pricing  practices  for  facilities,  equipment,  and  services. 

(c)  Tooling,  equipment,  and  residual  hardware  on  hand  at  the  completion  of  U.S. 
Government  programs  will  be  priced  and  disposed  of  on  a basis  that  is  in  the  best 
overall  interest  of  the  United  States  while  not  precluding  or  deterring  the  con- 
tinuing development  of  the  U.S.  commercial  space  sector. 

Document  111-15 

Document  title:  “Commercial  Space  Industry  in  the  Year  2000:  A Market  Forecast,”  The 
Center  for  Space  Policy  (CSP),  Inc.,  Cambridge,  Massachusetts,  June  1985  (reprinted  with 
permission). 

Source:  CSP  Associates,  Inc.,  Cambridge,  Massachusetts. 

In  1 9S4,  the  Center  for  Spare  Policy,  a small  analytic  group, , projected  a private  space  market  of  $60 
billion  try  2000.  This  projection  was  influential  in  promoting  the  potential  of  space  as  a commercial 
enterprise  and  in  developing  support  for  the  space  station  program.  This  document  is  a revision  of  the 
1 9X4  projection , widely  criticized  for  its  optimism.  The  19S5  revisions  are  more  detailed  and  reflect 
the  broader  range  of  space  commercial  markets  rather  than  point  estimates. 
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Commercial  Space  Industry  in  the  Year  2000 
A Market  Forecast 

[ 1 ] I.  EXECUTIVE  SUMMARY 

A.  INTRODUCTION 

One  of  the  most  remarkable  facts  of  our  industrial  society  is  the  accelerating  rate  of 
progress.  Our  scientific  knowledge  and  understanding  of  the  universe  doubles  now  in  less 
than  a generation,  and  we  have  had  more  progress  in  the  past  fifty  years  than  in  the  pre- 
ceding millennium  in  terms  of  practical  impact.  It  is  interesting  to  note  that  economists 
predict  that  a substantial  percentage  of  the  jobs  that  will  exist  in  the  year  2010  (i.e. 
25  years  from  now)  do  not  exist  now;  rather,  they  will  be  created  by  the  dynamism  of  new 
industries  made  possible  by  technologies  which  are  only  beginning  to  emerge  from  labo- 
ratories today. 

Our  nation’s  brief  history  in  space  is  an  unparalleled  example  of  this  trend.  While  the 
United  States  had  been  investigating  space  and  began  to  develop  rudimentary  space  tech- 
nologies after  the  close  of  World  War  II,  our  civilian  space  programs  did  not  begin  in 
earnest  until  the  creation  of  NASA  in  1958.  In  a little  more  than  a quarter  of  a century, 
we  have  come  to  understand  the  requirements  of  living  and  working  in  space. 

Importantly,  the  way  we  look  at  the  heavens  is  changing.  For  the  first  two  decades, 
NASA's  space  programs  had  three  primary  objectives:  the  advancement  of  scientific 
knowledge  about  our  universe;  the  development  of  an  engineering  capability  which 
enabled  us  to  conduct  manned  and  unmanned  operations  in  space;  and  the  pursuit  of 
heroic  feats  of  exploration  reminiscent  of  those  of  the  maritime  explorers  of  centuries 
ago.  Now,  we  are  beginning  to  look  at  space  as  a place  of  enterprise.  The  Administration 
and  NASA  have  both  come  out  strongly  in  support  of  commercial  investment  in  space, 
and  have  expended  considerable  amounts  of  talent  in  order  lo  understand  what  the 
Government  can  do  to  encourage  the  private  sector  to  invest  in  a new  industrial  frontier. 

This  report  focuses  on  the  year  2000,  and  projects  the  commercial  revenues  for  six 
space  industries:  satellite  communications,  materials  processing  in  space  (MPS),  remote 
sensing,  on-orbit  services,  space  transportation,  and  ground-based  support.  Revenues  are 
for  U.S.  industry  only,  and  are  stated  in  1985  dollars.  The  projections  do  not  take  into 
account  revenues  accruing  to  the  private  sector  through  the  R&D  expenditures  of  the  gov- 
ernment (e.g.  the  NASA  space  station  program  is  not  included).  However,  government 
purchases  of  commercially  developed  space  hardware  and  products  are  included  (for 
example,  government  purchases  of  commercial  upper  stages).  High  and  low  scenarios 
have  been  generated  for  each  industry.  Under  the  low  scenario,  extremely  conservative 
assumptions  have  been  used  in  defining  [2]  the  product  or  service  and  its  market.  Under 
the  high  scenarios,  more  optimistic  assumptions  have  been  used. 

The  satellite  communications,  MPS  and  remote  sensing  markets  can  be  considered 
“Applications  Markets”  in  that  some  aspect  of  space  is  critical  to  the  provision  of  service. 
Satellite  communications  and  remote  sensing  profit  from  the  vantage  point  afforded  by 
space;  MPS  utilizes  other  physical  attributes  of  space  (most  notably  microgravity)  to  pro- 
duce materials  which  cannot  be  made  on  Earth.  Spat  e transportation,  on-orbit  services, 
and  ground  support,  on  the  other  hand,  can  be  considered  “Infrastructure  Markets.”  They 
are  not  end  products  in  themselves,  but  are  necessary  for  the  provision  of  other  products. 
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B.  SATELLITE  COMMUNICATIONS 

Satellite  communications  is  the  oldest  and  most  mature  commercial  space  industry. 
The  three  basic  types  of  satellite  services  that  have  commercial  applications  are  known  as 
“fixed  satellite  service”  (FSS) , “broadcast  satellite  service”  (BSS)  and  “mobile  satellite  ser- 
vice” (MSS).  Total  revenues  projected  for  this  industry  are  $8.8  billion  under  CSP’s  low 
market  scenario,  and  $15.3  billion  under  the  high  scenario. 

FSS  provides  a common  carrier  link  for  point-to-point  and  point-to-multipoint  trans- 
mission. The  primary  FSS  markets  are  the  transmission  of  voice,  video  and  data.  The  last 
two  mar  kets,  addressing  corporate  needs  for  the  development  of  private  networks,  are 
especially  expected  to  grow  to  a $5.0— 6.8  billion  level  by  the  turn  of  the  century. 

Direct  broadcast  satellite  (DBS)  service  has  had  a spotty  record  in  the  U.S. 
Nevertheless,  long  term  market  prospects  look  tremendous  for  the  industry  (large  up- 
front capital  requirements,  and  the  inability  of  DBS  firms  to  secure  affordable  program- 
ming have  been  the  major  obstacles  to  date).  By  the  1990s,  DBS  services  should  be 
available;  by  the  year  2000,  annual  revenues  could  be  $2. 6-6.0  billion. 

Mobile  satellite  communications  services  will  take  advantage  of  the  large  footprint  of 
a satellite  to  make  thin-route  mobile  communications  economically  feasible.  The  market 
consists  of  two  major  segments:  limited  alphanumeric  message  services  and  full  voice  and 
data  transmission.  Annual  revenues  are  projected  to  rise  to  $.8-1.5  billion  by  the  year 
2000. 

USP  anticipates  a domestic  demand  for  approximately  five  new  spacecraft  per  year  by 
2000.  FSS  satellites  will  comprise  the  largest  component  of  market  demand  for  spacecraft. 

1 3)  C.  MATERIALS  PROCESSING  IN  SPACE 

Commercial  materials  processing  in  space  (MPS)  will  allow  U.S.  companies  to  take 
advantage'  of  the  properties  of  the  space  environment.  There  will  be  two  general  types  of 
MPS  activity:  basic  materials  research,  and  the  development  and  production  of  new  prod- 
ucts or  processes  that  are  possible  only  in  space.  This  study  includes  only  those  revenues 
accruing  from  the  second  activity. 

Basic  economics  limits  severely  the  number  of  candidates  for  space  processing  to 
those  which  can  justify  high  production  costs,  which  include  an  estimated  transportation 
cost  of  $10,000  per  pound.  In  the  next  fifteen  years,  only  three  kinds  of  materials  are  like- 
ly to  meet  this  threshold  value  while  also  generating  sufficient  demand  to  justify  produc- 
tion. These  materials  include  pharmaceuticals,  semiconductor  crystals,  and  halide  optical 
fibers. 

There  will  be  significant  research  in  numerous  other  materials  fields,  notably  organ- 
ic crystals,  ceramics,  and  alloys.  The  knowledge  gained  from  space  research  will  be  applied 
to  terrestrial  production  techniques,  or  demand  for  products  in  these  fields  will  be  so  lim- 
ited that  individual  markets  will  be  small  (under  $50  million).  It  must  be  noted  that  the 
development  of  a strong  knowledge  base  is  essential  for  the  continued  growth  of  com- 
mercial MPS  revenues  in  the  long  term;  current  projections  based  on  what  is  now  known 
will  likely  prove  conservative  as  the  rate  and  quality  of  space-based  materials  research 
improves. 

A key  driver  in  the  development  of  MPS  markets  will  be  the  availability  of  appropriate 
research  facilities  on  orbit.  Present  Shuttle  facilities  in  the  mid-deck  and  the  payload  bay 
are  inadequate,  especially  for  tasks  requiring  a high  level  of  human  interaction.  The  space 
station  will  alleviate  this  situation,  but  will  be  unavailable  to  researchers  before  1995. 

MPS  is  expected  to  generate  revenues  of  $2.6  billion  to  $17.9  billion  in  the  year  2000, 
based  on  6 to  30  products.  Most  of  these  revenues  will  come  from  pharmaceutical  prod- 
ucts ($2.0  billion  to  $14.  9 billion);  much  of  the  rest  will  come  from  gallium  arsenide 
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crystal  production  ($500  million  to  $1  billion).  These  crystals  will  be  employed  primarily 
in  defense  applications.  The  balance  of  MPS  products  will  come  from  other  semiconduc- 
tors ($1  billion  in  the  high  scenario)  and  halide  optical  fiber  ($100  million  to$l  billion). 

1 4]  D.  REMOTE  SENSING 

Remote  sensing  satellites  provide  data  from  space  concerning  ihe  earth’s  surface  and 
atmosphere.  To  date,  satellites  have  been  operated  by  the  government  as  public  goods. 
The  government  is  still  the  largest  user  and  supplier  of  Landsat  data  and  services.  The 
imminent  launch  of  the  first  SPOT  satellite,  a foreign  private  system,  and  the  current 
attempt  to  shift  the  American  Landsat  to  the  private  sector  will  alter  this  situation  dra- 
matically. 

The  success  or  failure  of  the  Landsat  transfer  will  be  the  greatest  single  factor  in  the 
development  of  the  American  remote-sensing  industry  for  the  rest  of  this  century.  Delays 
in  the  process  have  already  ensured  that  an  interruption  in  service  lasting  at  least  two 
years  will  follow  the  expected  1987  failure  of  the  current  operating  satellite,  Landsat  5. 
Ibis  data  gap  could  allow  the  SPOT  system  to  preempt  opportunities  for  a future 
American  system. 

The  development  of  a “value-added”  industry  to  process  satellite  data  depends  heavi- 
ly on  the  existence  of  an  American  system  on  orbit.  Without  access  to  affordable  data  dur- 
ing these  formative  years,  the  value-added  industry  cannot  get  on  its  feet.  The 
opportunities  for  private  satellite  raw  data  companies  would  then  be  limited  severely:  the 
demand  for  raw  data  will  not  support  a private  remote  sensing  satellite  venture. 

Total  revenues  for  satellite  remote  sensing  in  the  I'nited  Stales  are  expected  to  be 
between  $500  million  and  $2.5  billion  in  the  year  2000.  In  our  low  sc  enario,  the  only  appli- 
cations likely  to  be*  continued  are  those  which  require  global  coverage1  (such  as  the*  glob- 
al crop  assessment  service).  All  U.S.  revenues  would  be  obtained  from  value-added 
services:  $380  million  is  forecast  for  expenditures  by  the1  petroleum  industry,  while  the1 
remainder  will  derive  from  a number  of  smaller  users,  including  paper  and  lumber  com- 
panies, grain  traders,  commodity  brokers,  and  some  very  large-  agricultural  associations. 
Federal,  state  and  local  governments  will  continue  to  use  Landsat  data,  processed  by  pri- 
vate contractors,  for  those  surveying  purposes  where*  cost-ef  fc*c  live  alternatives  are  not 
available. 

In  our  high  scenario,  a private  remote  sensing  satellite*  is  in  operation,  as  well  as  pri- 
vate sensors  on  the  space  station’s  polar  platform.  The  American  value-added  market  also 
finds  sufficient  support  for  continued  development.  Computer  and  information  technol- 
ogy improvements,  increasing  prices  for  non-renewable  resources,  and  increasing  compe- 
tition in  agricultural  and  forest-related  industries  support  this  development.  Of  the  S2.5 
billion  generated  in  this  scenario,  $500  million  accrues  from  raw  data  sales,  while  the 
remaining  $2.0  billion  are  derived  from  value-added  [ 5 j services.  Of  the  total  revenues, 
$1  billion  derives  from  non-renewable  resource  industries,  $1.35  billion  from  renewable* 
resource  industries,  and  $150  million  from  other  source's. 

E.  ON-ORBIT  SERVICES 

A large  market  opportunity  will  materialize  in  the  coming  ye*ars  for  companies  pro- 
viding on-orbit  workspace  and  servicing.  Se*veral  companies  currently  of  fer  forerunners  of 
the  on-orbit  hardware  that  can  be-  expectc*d  to  serve  the  MPS  industry  at  the  turn  of  the 
century,  and  NASA  is  developing  servicing  concepts  and  hardware  that  should  be*  applic- 
able1 to  commercial  use*.  Total  yearly  industry  revenues  are*  projected  at  $.<>-2.8  billion. 

Commercial  workspace'  will  be  the  location  for  all  commercial  production  activities 
(R&D  is  assumed  to  take  place  aboard  the  NASA  space  station).  Free*  flyers  and  Man- 
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Iended  Facilities  (MIFs)  each  offer  specific  technical  advantages,  depending  upon  the 
complexity  of  the  process.  Using  the  MPS  market  scenarios,  requirements  for  on-orbit 
workspace  were  derived.  Under  the  low  scenario,  five  free  flying  platforms  and  two  MTFs 
satisfy  commercial  demand;  under  the  high  scenario,  these  numbers  climb  to  nineteen 
free  flyers  and  twelve  MIFs.  The  annual  revenues  earned  by  these  facilities  should  be 
$.6-2.5  billion  per  year. 

Satellite  servicing  revenues  are  comprised  of  commercial  OMV  [Orbital  Maneuvering 
Vehicle)  servicings  of  free  flyers  (MTFs  must  be  serviced  by  the  Shuttle;  these  revenues  are 
included  under  the  section  on  space  transportation).  Under  the*  low  scenario,  no  commer- 
cial OMV  operations  are  predicted;  hence  there  an*  no  commercial  revenues.  Under  tin* 
high  scenario,  seventy  annual  servicing  missions  generate  revenues  of  almost  $.3  billion. 


F.  SPACE  TRANSPORTATION 

Space  transportation  systems  (ST'S)  are  required  to  support  all  space  activities: 
launching  payloads  into  their  operational  orbits,  retrieving  payloads  and  returning  them 
to  Earth,  and  performance  of  experiments  and  manufacturing  activities  on  orbit.  For  the 
remainder  of  the  century,  the  majority  of  space  transportation  requirements  will  focus  on 
three  orbital  destinations:  Low  Earth  Orbit  (LEO — -Shuttle  “parking  orbit”),  geostationary 
orbit  (OEO),  and  LEO  polar  orbits. 

The  space  transportation  systems  available  in  the  Western  world  to  reach  these  orbits 
are  the  l .S.  Space  Shuttle,  Expendable  Launch  Vehicles  (ELVs — which  include*  Europe's 
Ariane  launch  vehicle)  and  upper  stages  for  use  in  conjunction  with  the  Shuttle  and  ELVs. 
[f)|  In  the  low  scenario,  ( <SP  assumes  that  the  STS  remains  a government-owned  and  man- 
aged system,  and  hence  no  revenues  accrue  to  commercial  entities.  Total  demand  of 
1 2.8  S I S equivalent  launches  in  the  year  2000  provides  no  “overflow”  demand  for  the  ETA7 
industry  and  thus  there  is  no  inclusion  of  commercial  ELV  revenues.  Upper  stages  are  the 
only  source  of  commercial  revenues  in  the  low  scenario.  Total  revenues  are  expected  to 
top  $.2  billion. 

I he  high  scenario  assumes  a fleet  of  five  Shuttle  orbiters  (each  operating  at  six 
flights  annually),  with  two  operated  by  commercial  entities  to  service*  man-tended  facili- 
ties in  LEO.  Hie  cost  <>t  an  orbiter  to  the  operator  is  a straight-line  depreciation  of  the 
$1.7B  purchase  cost  (in  $1982)  over  100  flights.  An  average  of  capital  costs  over  remain- 
ing nights  plus  a gross  margin  of  30  percent  brings  the  launch  price  to  $76.2M.  The  strong 
demand  for  LEO  transportation  services  generated  by  the  MPS  industry  (especially  for 
M I Ks)  is  expected  to  use  all  of  the  available  STS  capacity;  a strong  market  exists  for  ELVs 
to  take  up  the  overload.  Under  the  high  scenario,  commercial  orbiter  revenues  and  ELV 
reve  nues  reach  over  $1  billion  each,  and  commercial  upper  stage  revenues  are  projec  ted 
at  almost  $300  million. 

G.  GROUND  BASED  SUPPORT  SERVICES 

Space  operations  require  support  services  that  are  located  on  earth.  The  major  ser- 
vices include:  payload  processing,  earth  station  equipment  manufacture,  and  space  insur- 
ance. Each  of  these  could  become  a significant  market  in  its  own  right  by  the  year  2000. 

Payload  processing  must  be  performed  on  all  commercial  payloads  prior  to  launch. 
Payloads  include  communications  satellites,  MPS  free-flyers  and  resupply  modules,  and 
commercial  OMVs  and  MTFs.  By  the  year  2000,  it  is  assumed  that  all  commercial  payloads 
will  be  processed  by  a commercial  firm(s).  The  market  for  these  services  was  calculated  by 
evaluating  the  processing  requirements  for  payloads  generated  in  Chapters  1 1 1— VI  of  the 
report.  Under  the  low  scenario,  these  revenues  total  $.03  billion;  in  our  high  scenario,  the 
revenues  rise  to  $.1  1 billion. 
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The  earth  station  market  includes  transmitting  and  receiving  antennas  for  satellite 
services,  tracking  and  control  facilities,  and  other  ground  equipment  used  with  satellites. 
CSP  expects  that  the  principal  sources  of  revenues  will  he  sales  of  fixed  and  broadcast  ser- 
vice earth  station  equipment.  Revenues  for  this  market  are  dominated  by  FSS  services, 
although  DBS  and  MSS  equipment  are  expected  to  generate  large  revenues  as  well. 
Revenue  totals  are  $3.7  billion  in  the  low  scenario,  and  $8.6  billion  in  the  high  scenario. 
[7 J The  insurance  industry  is  a key  element  in  the  development  of  commercial  space 
activity.  Major  forms  of  insurance  to  be  offered  include  launch,  operational  lifetime,  and 
liability.  New  types  of  insurance  will  need  to  be  developed  to  support  LEO  operations  for 
MPS  and  servicing.  Industry  revenues  will  depend  directly  on  the  level  of  development  of 
other  commercial  space  activities.  Total  insurance  revenues  are  forecast  at  $.33  billion  in 
the  low  scenario,  and  $1.64  billion  in  the  high  scenario. 

Total  revenues  for  the  ground  based  support  services  are  $4.1  billion  in  the  low  sce- 
nario and  $10.4  billion  in  the  high  scenario. 

H.  SUMMARY 

fable  1-1  summarizes  the  revenue  projections  forecast  in  this  report.  Under  the  con- 
servative assumptions  used  to  generate  the  lowr  scenarios,  revenues  in  the  year  2000 
should  be  $16.8  billion;  using  the  more  optimistic  conditions  of  the  high  scenario,  rev- 
enues rise  to  $51.3  billion.  As  noted  elsewhere  in  this  report,  the  key  determinants  affect- 
ing the  actual  outcome  are  the  continued  commitment  to  developing  the  commercial 
space  infrastructure,  and  the  development  of  an  MPS  R&D  base  which  will  allow  broad- 
scale  industrial  activity. 


Table  1-1 

Commercial  Space  Revenues  in  the  Year  2000 


Low 

High 

Activity 

Scenario 

Scenario 

Communications 

$8.8B 

$15.3B 

MPS 

2.6B 

17.9B 

Remote  Sensing 

5B 

2.5B 

On-Orbit  Services 

6B 

2.8B 

Space  Transportation 

2B 

2.4B 

Ground  Based  Services 

4.  IB 

10.4B 

Total  Revenues 

$1.6.8B 

$5L3B  . 

[9  ] B.  COMPARISON  WITH  EARLIER  STUDIES 

The  market  projections  presented  in  this  study  are  a revision  of  an  earlier  internal 
study  conducted  by  CSP  in  January,  1984.  The  current  figures  (see  below)  are  approxi- 
mately ( 10]  twenty  percent  lower  than  those  presented  a year  ago.  Two  factors  are  respon- 
sible for  the  change.  First,  the  earlier  study  assumed  that  the  space  station  would  be  on 
orbit  and  functional  in  1992,  as  predicated  in  NASA's  original  timeline.  However,  due  to 
a slowdown  in  funding  in  the  FY  1985  and  FY  1986  budgets,  the  target  date  for  space  sta- 
tion has  slipped  until  1993.  Reviewing  historical  evidence  with  the  Shuttle  program,  it  is 
not  unreasonable  to  expect  that  the  station  will  be  delayed  a year  longer  (i.e.  1994).  This 
delay  has  a negative  impact  because  of  the  critical  role  the  space  station  will  have  on  the 
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amount  of  R&I)  activity  which  can  be  performed,  and  the  economics  of  working  on  orbit. 
Much  of  the  growth  which  had  been  projected  for  the  late  1990s  will  still  occur,  but  not 
until  after  the  turn  of  the  century. 

The  second  factor  has  been  a stronger  methodological  approach.  As  any  statistician 
will  note,  it  is  difficult,  if  not  impossible,  to  predict  markets  in  the  year  2000  for  products 
and  services  which  do  not  currently  exist.  Without  an  historical  database,  trend  analysis  is 
meaningless,  and  concepts  such  as  focus  groups  are  of  limited  value  when  talking  of 
entirely  new  concepts  that  may  not  be  on  the  market  for  a decade. 

As  a result,  projection  of  commercial  space  markets  must  rely  mote  upon  developing 
a cohesive  set  of  common  sense  assumptions  about  the  basic  economics  of  supply  and 
demand.  Earlier  projections  have  been  predicated  on  assumptions  which  lend  to  focus  on 
the  “supply  side”  of  tin*  market  equation,  hat  is,  many  have  made  the  assumption  that 
once  a product  or  service  becomes  possible,  it  will  become  piofilable.  Ibis  is  a technol- 
ogy push”  approach  to  market  projection  which  has  often  led  to  error. 

|11]  In  addition  to  the  supply  side,  the  current  analysis  also  addresses  the  issue  of 
demand.  It  looks  not  only  at  what  can  be  produced  in  space,  but  what  advantage  the  space 
product  has  to  the  buyer  as  compared  with  other  alternatives.  In  addition  to  looking  at 
the  relative  advantages  of  space  products,  we  have  examined  analogous  situations  (the 
introduction  of  technologically  sophisticated,  relatively  high  cost  products  into  new  mar- 
kets) to  determine  what  has  happened  in  the  past,  and  often  have  used  these  as  models. 

It  should  be  noted  that  these  projections  are  only  as  valid  as  their  underlying  assum|>- 
tions.  CSP  has  endeavored  to  use  conservative  assumptions  in  defining  its  scenarios,  and 
has  sought  corroboration  of  these  assumptions  through  lengthy  interviews  of  experts  m 
the  aerospace  industry.  In  short,  CSP  has  used  what  might  be  termed  a modified-Delphi 
approach.1 

Actual  revenues  might  be  substantially  lower  than  expected,  due  to  an  unforeseeable 
and  fundamental  change.  For  example,  if  new  medical  evidence  proved  that  men  cannot 
work  in  space  without  serious  health  drawbacks,  the  scope  of  feasible  endeavors  would  be 
severely  circumscribed.  On  the  other  hand,  it  should  be  noted  that  the  revenue  projec- 
tions could  be  substantially  lower  than  reality.  Many  of  the  activities  contemplated  in  this 
study  involve  new  materials  that  would  he  used  in  “high-end”  applications.  Thus,  the  situ- 
ation might  be  analogous  to  projecting  the  future  for  the  manufacture  of  silicon  crystals 
in  the*  early  1950s  (i.e.  [12]  before  the  development  of  the  transistor  and  the  takeoff  of 
the  computer  industry).  Revolutionary  products  may  create  a substantial  demand  for 
space  products  that  are  not  included  in  this  study.  Therefore,  as  with  all  long  term  pro- 
jections, this  study  should  be  used  as  an  indicator  of  potential,  and  not  a prognosticator 
of  fact. 

C.  GENERAL  APPROACH 

I bis  report  focuses  on  the  year  2000,  and  projects  the  commercial  revenues  for  six 
space  industries:  satellite  communications,  materials  processing  in  space  (MPS),  remote 
sensing,  on-orbit  services,  space  transportation,  and  ground-based  support.  Revenues  are 
for  U.S.  industry  only,  and  are  stated  in  1985  dollars.  The  projections  do  not  take  into 
account  revenues  accruing  to  the  private  sector  through  the  R&I)  expenditures  of  the  gov- 
ernment (e.g.  the  NASA  space  station  program  is  not  included).  However,  government  pur- 


I Tin*  Delphi  method  uses  a group  of  experts  in  a field,  who  then  develop  their  individual  sc  enarios 
of  the*  future.  The  experts  then  c ritique  c adi  other  in  order  to  develop  a se  t of  agreed-upon  assumptions  that 
serve  as  the  basis  for  analysis  of  future  tre  nds.  Historic  ally,  this  method  lias  proven  to  he  the  be  st  means  of  pre- 
dicting the*  c hange  in  situations  where  there  are  numerous  variables  and  where  data  arc*  sc  are  r. 
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chases  of  commercially  developed  space  hardware  and  products  are  included  (for  example, 
government  purchases  of  commercial  upper  stages  such  as  the  PAM-I)  and  the  TOS).  High 
tind  low  scenai  ios  have  heen  generated  for  each  industry.  Linder  the  low  scenario,  extreme- 
ly conservative  assumptions  have  been  used  in  defining  the  product  or  service  and  its  mar- 
ket. Under  the  high  scenarios,  more  optimistic  assumptions  have  been  used. 

The  satellite  communications,  MPS  and  remote  sensing  markets  can  be  considered 
Applications  Mai  kets,  in  that  some  aspect  ol  space  is  critical  to  the  provision  of  service. 
Satellite  communications  and  remote  sensing  profit  from  the  vantage  point  afforded  bv 
space;  MPS  utilizes  other  physical  attributes  of  space  (most  notably  microgravity)  to  pr<>- 
duce  materials  which  cannot  be  made  on  Earth.  Space  transportation,  on-orbit  services, 
and  ground  support,  on  the  [ 13]  other  hand,  can  be  considered  “Infrastructure  Markets.” 
They  aie  not  end  products  in  themselves,  but  are  necessary  for  the  provision  of  other 
products. 

It  immediately  becomes  clear  that  the  markets  are  inextricably  linked.  The  demand 
for  the  applications  markets  is  generated  “externally”  by  individuals,  companies,  govern- 
ments, and  other  organizations  here  on  Earth.  This  demand  is  clearly  influenced  by  the 
functional  alternatives  that  can  be  produced  on  Earth.  For  example,  the  demand  for  satel- 
lite communications  is  dependent  upon  the  economics  and  capabilities  of  terrestrial  com- 
munications media.  The  demand  for  space  infrastructure  is  a function  of  this  applications 
demand. 

Working  in  the  opposite  direction,  the  supply  (and  cost)  of  space  infrastructure  prod- 
ucts and  services  is  the  dominant  factor  in  determining  which  applications  products  and 
services  can  be  produced  economically  (i.e.  at  a cost  that  the  market  will  support,  and 
which  will  earn  the  firm  a minimum  level  of  profit).  In  order  to  develop  overall  consis- 
tent y within  this  report,  the  high  and  low  scenarios  for  the  applications  markets  are  used 
in  the  baselines  for  determining  the  infrastructure  markets. 
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Developments  in  Space  (A  Scenario  Approach),”  Hudson  Institute,  Inc.,  Croton-on- 
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I'his  study  was  very  nn usual  for  NASA . It  developed  several  scenarios  detailing  possible  long-term 
trends  in  spare  technology , defense , and  environmental  and  economic  development.  These  sce- 

narios included  pessimistic  and  optimistic  growth  and  opportunities  in  space.  Space  is  seen  as  a 
resource  and  a place  for  economic  enterprise.  The  study  did  not  detail  economic  benefits , but  did  make 
economic  issues  central  to  long-term  space  financing , exploration , and  development.  Tew  other  stud- 
ies of  the  mid-1970s  were  as  far  reachi  ng  as  this  one  in  vision. 


Exploring  rm:  Unknown 


481 


Long-Term  Prospects  for  Developments  in  Space 
(A  Scenario  Approach) 

By 

William  M.  Brown  and  Herman  Kahn  . . . 

1 257 1 Chapter  VII 

REVIEW  AND  ASSESSM ENT 


A.  Images  of  the  Future 

Let  us  Hi st  review  briefly  what  has  been  attempted  in  the  first  six  c hapters.  The  first 
chapter  offers  a typology  of  various  space  scenarios  and  of  various  themes  for  construc  t- 
ing scenarios.  The  point  is  made*  that  such  scenarios  have  many  uses,  and  that  from 
NASA’s  viewpoint  an  important,  if  somewhat  neglected,  one  is  the  systematic  formulation 
and  dissemination  of  appropriate  images  of  the  future.  Hopefully  these  images  would  be 
realistically  developed  and  become  valuable  to  policymakers. 

We  believe  that  NASA  should  try,  in  a low-keyed  manner,  to  formulate  and  promul- 
gate* a concept  of  future  space  development  as  part  of  the  manifest  destiny  of  humanity, 
and  as  an  obvious  next  phase  in  an  historical  process  which  started  in  the*  15th  century 
with  the  age  of  exploration  and  which  has  led  to  today’s  modem  world. 

In  the  19th  century  many  Americans  overtly  believed  in  manifest  destiny,  a concept 
which  encouraged  the  opening  up  of  the  West  and  extended  this  country  to  the  Pacific. 
Through  our  scenarios  we  did  find  that  space,  to  a rather  remarkable  degree,  was  likely  to 
play  roles  similar  to  those  which  the  frontier  played  in  Americ  a’s  past.  According  to  some 
historians,  suc  h as  Frederick  J.  Turner,  much  of  the  character  of  American  life — the  egal- 
itarianism, die*  feelings  of  independence  and  competence,  the*  sense*  of  openness  and 
unlimited  vistas,  the  upward  mobility,  and  a deep  belief  in  democracy | — lseein  to  have 
been  dependent  on,  or  strongly  influenced  by,  the  existenc  e of  a frontier.  We  believe  that 
this  characteristic  of  our  past  [258]  may  well  he  continued — possibly  in  a modified  or 
weaker  form — through  the  exploration,  development  and  exploitation  of  space. 

Whether  the  analogy  is  valid  or  not,  an  accepted  image  of  the  future  can  give  rise  to 
expectations  that  could  materialize  into  real  space  projects.  We  also  argued  that  for  such 
images  to  have  the*  greatest  near-term  impact  in  the  U.S.  they  should  emphasize  the  prac- 
tical uses  of  space* — i.e.,  its  scientific  and  economic  values — and  should  treat  its  important 
psychological,  political,  social,  and  cultural  consequences  as  by-products. 

We*  believe  that  basic  images  of  the  future  such  as  we  have  presented  in  this  report  are 
generally  unavailable  in  America,  or  elsewhere.  It  is  dear  there  is  a large  and  active  group 
of  scienc  e fiction  fans  and  it  is  dear  that  publicists  have  been  very  instrumental  in  spread- 
ing partic  ular  concepts  (such  as  Professor  O’Neill,  for  space  colonies).  But  much  more 
c an  he*  clone.  Many  potential  space  activities,  even  if  they  are  unduly  optimistic  or  exag- 
gerated (for  example,  as  some  critics  believe  Professor  O’Neill’s  estimates  to  he),  are  still 
useful  as  part  of  a soc  ial  process.  If  supported  by  NASA  they  should  he  properly  formu- 
lated and  labeled.  NASA  should  also  furnish  long-range  estimates  and  images  of  the* 
f uture  which  are  more  or  less  consonant  with  its  official  positions;  these  can  he  quite*  excit- 
ing and  still  hr  plausible,  or  even  conservative,  within  NASA. 

The  authors  believe  that  a basis  exists  for  a popular  hut  serious  hook  that  will  reflect 
muc  h of  the  material  in  this  report.  We  believe  our  activity  has  been  a very  useful  one,  even 
though  that  is  clearly  a selfserving  remark.  However,  we  would  not  have  e ntered  this  project 
unless  vve*  felt  that  it  was  useful  from  a broad  national  perspective*.  Enough  is  now  happen- 
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mg  in  space  to  guarantee  a moderate  level  of  future  activity.  [259]  This  means  that  whatev- 
er unexpected  treasures  are  yet  to  be  found  have  some  reasonable  probability  of  being  dis- 
covered even  in  a pessimistic  context.  We  should  add  that  the  spirit  and  need  of  scientific 
inquiry,  and  the  spirit  and  need  for  exploration,  will  remain  as  permanent  forces  which  cre- 
ate varying  pressures  for  some  kind  of  activity  almost  everywhere — and  in  most  of  our  sce- 
narios these  needs  and  pressures  increase — if  not  in  the  United  States  then  elsewhere. 

B.  Earth-Centered  Perspective 

In  Chapter  II  wre  try  to  visualize  the  coming  economic  role  of  space  developments  in 
an  earth-centered  perspective.  Our  view  lies  between  that  of  the  more  extreme  space 
enthusiasts  who  feel  that  society’s  problems  on  earth  are  basically  intractable  and  should 
not  be  allowed  to  hinder  the  f uture  of  space,  and  those  who  conceive  of  the  space  poten- 
tial as  very  limited,  and  often  as  an  activity  to  enthrall  the  young  or  the  technostructure — 
and  thus  often  a place  for  expensive,  sterile,  dangerous  or  foolish  exploits. 

We  first  offer  evidence  that  the  basic  physical  problems  relating  to  the  world’s  future 
needs  can,  in  principle,  be  solved  without  recourse  to  outer  space,  that  the  earth  has  more 
than  enough  resources  to  supply  an  adequate  standard  of  living  for  all.  On  the  other  hand 
it  seems  quite  clear  that  cis-lunar  space  and  possibly  the  rest  of  the  solar  system  could  turn 
out  to  be  extraordinarily  important  in  an  economic  and  technological  sense.  T his  out- 
come appears  to  follow  from  just  the  current  reasonably  projected  potential  in  space* — 
that  is,  without  having  to  conjure  up  unforeseeable  great  breakthroughs.  Of  course  it  also 
seems  to  be  reasonable  [260]  to  expect  that  future  space  development  will  yield  some 
equivalents  of  Middle  East  oil  or  Klondike  gold — that  is,  vast  treasures  which  have  not  yet 
been  dreamed  of.  Thus,  it  is  almost  certain  that  space  exploration  will  lead  to  great  ben- 
efits, and  possibly  to  an  extraordinary  economic  and  technological  impact. 

In  our  basic  Surprise-Free  Earth-Centered  Scenario  we  concluded  that  good  long- 
term prospects  existed  for  technological  solutions  to  current  concerns  about  the  adequa- 
cy of  the  world’s  physical  resources — although  social  and  political  problems  could— and 
probably  will — create  many  difficulties  in  applying  such  solutions.  When  potential  space 
developments  are  added  to  the  above  scenario  the  outlook  for  the  required  solutions  is 
further  brightened.  That  is,  over  time  space  technology  and  spinoffs  from  it  will  certainly 
contribute  to  these  solutions — perhaps  enormously.  With  our  necessarily  poor  vision  into 
the  future  we  can  still  list  a few  general  ways  in  which  space  activities  are  likely  to  con- 
tribute. In  each  category  below  we  include  spinoffs  and  serendipities,  since  they  are  often 
the  most  productive,  although  intrinsically  obscure,  avenues: 

Energy: 

1 ) Space-based  electric  power  stations 

2)  l ANDSAT  information  for  oil  and  gas  exploration 

3)  Spinoffs  and  serendipities 
Materials: 

1 ) Superior  materials  from  unique  processing  capabilities  in  space  industries 

2)  Lamar  and  asteroidal  sources  of  minerals 

3)  L ANDSAT  assistance  in  mineral  exploration  on  earth 

4)  Spinoffs  and  serendipities 
Food  Sc  Water: 

1)  Improving  weather  forecasts  for  days,  wreeks,  months,  and  possibly  over 
longer  intervals 

2)  1 ANDSAT  information  on  crops,  disease,  insects,  water,  etc. 

3)  Spinoffs  and  serendipities 
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1 ) Monitoring  pollutants  by  satellites 

2)  LANDSAT  information  on  environment  and  land  use 

3)  Processing  in  space  (e.g.,  nuclear  power  or  other  radioactive  processes) 

4)  Spinoffs  and  serendipities 

The  economic  and  technological  potential  of  space  leads  us  paradoxically  to  con- 
clude that  the  near-term  “soft,”  or  socio-psychological,  effects  may  equal  or  outweigh  the 
“hard”  returns.  As  an  analogous  example,  it  might  seem  wise  for  the  United  States  to 
devote,  say,  1 percent  of  its  GNP  to  building  “pyramids”  and  “cathedrals”  in  order  to 
improve  public  morale  and  national  unity.  However,  a direct  attempt  toward  this  end 
would  almost  certainly  be  doomed  to  failure.  In  our  culture  it  is  also  vital  for  most 
“grandeur-creating"  projects  to  be  economically  sensible — otherwise  the  average  citizen 
will  reject  them.  No  great  national  interest  exists  in  “climbing  mountains  because  they  are 
there."  Most  Americans  have  to  feel  that  a practical,  scientific,  military,  economic  or  other 
purpose  is  served  in  “climbing  mountains”  before  they  will  support  and  take  pride'  in  such 
activities.  Isolated  events  may  be  exciting — and  create  temporary  heroes- — but  a deep  List- 
ing pride  and  a solid  sense  of  achievement  usually  require  practical  projects. 

So  many  tangible  economic  and  scientific  opportunities  do  exist  in  outer  spat  t that 
the  country  can  afford  to  pursue  them  with  intensity — and  also  reap  the  important  psy- 
chological, political,  soc  ial  and  cultural  benefits  as  “by-products”  of  the  main  effort.  In  a 
cost-benefit  analysis  the  space  projects  cannot  be  given  explicit  credit  for  such  “by- 
products," but  it  can  note  the  potential  which  exists.  It  should  be  made  clear  that  these 
“by-products”  could  be  as  valuable  as  the  more  tangible  objectives,  including  any  windfalls. 
Thai  would  be  our  judgment,  at  least  for  the  balance1  of  this  century. 

1 262 1 CL  Space  Technology 

Chapter  III  explores  some  of  the  technology'  expec  ted  to  be  associated  with  space  in 
the  near,  medium  and  long  term.  Some  readers  may  find  this  chapter  exciting  because  the 
technological  possibilities  portrayed  are  greater  than  many  relatively  knowledgeable 
groups  currently  seem  to  understand.  This  chapter  indicates  that  a basic  change  in  the 
c haracter  of  our  practical  activities  in  space  is  likely  to  occur  by  the  late  ‘80s  or  early  ‘90s. 
As  knowledgeable  NASA  personnel  and  other  space-oriented  professionals  know,  up  until 
now  space  systems  have  attempted  to  keep  the  large,  complex,  expensive  equipment  on 
l he  ground,  where  possible,  and  place  the  smaller  or  cheaper  equipment  into  space.  (The 
present  situation  may  be  compared  to  the  use  of  river  ferries  which  are  severely  limited  in 
the  loads  they  can  transport.)  In  ten  or  fifteen  years,  we  expect  to  find  many  new  systems 
which  deploy  the  large  complex  equipment  in  space  and  keep  the  small  inexpensive,  but 
numerous,  parts  of  the  system  on  the  ground.  (To  continue  the  analogy  this  change  would 
be  similar  to  the  replacement  of  most  river  ferries  with  modern  bridges.  That  change  was 
basic  and  effective.) 

Although  Chapter  III  focuses  strongly  on  technology,  it  also  attempts  to  indicate  that 
f uture  developments  in  space,  especially  in  terms  of  manned  activities,  are  probably  depen- 
dent more  on  a number  of  imponderables  other  than  successf  ul  technology.  For  example, 
the  personal  health  and  safety  of  a space  traveler — or  tourist — is  potentially  crucial  to 
many  activities.  Although  safety  is  more  or  less  a direct  consequence  of  technology,  future 
health  in  space  is  still  a mystery  which  may  involve  risks  that  are  subject  to  straightforward 
technological  solution — or  at  least  not  for  quite  a long  [263]  time.  At  the  moment  there 
appears  to  be  some  useful  information  from  prior  life  science  studies,  but  these  are  reli- 
able mainly  for  relatively  short-term  exposures  to  the  space  environment. 

Space  tourism , which  appeal's  in  every  scenario  as  a major  new  growth  industry,  should 
not  be  taken  as  quite  that  certain.  That  is,  even  assuming  that  problems  of  health,  safety 
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and  cost  do  not  become  intrinsic  deterrents,  it  is  possible  at  least  to  conceive  of  other 
developments  that  might  hamper  that  potential  industry.  For  example,  the  excitement 
might  vanish  after  the  first  few  years.  After  all,  will  there  be  enough  important  experiences 
which  an  expensive  tour  can  bring  that  the  advanced  electronic  systems  anticipated  for 
the  21st  century  could  not?  Many  of’  the  visual  experiences  in  space  might  be  better  per- 
ceived through  electronics,  and  probably  a lot  more  comfortably.  Still  the  experience  of 
weightlessness,  or  the  knowledge  of  the  new  realities,  such  as  being  suspended  in  spaa*, 
pet  baps  25,000  miles  above  the  earth,  or  a chance  to  walk  on  the  moon,  might  prove  to 
be  priceless.  Certainly  electronics  has  not  been  a suf  ficient  substitute  to  date*.  These  uncer- 
tainties might  possibly  be  resolved  fully  during  this  century. 

Another  consideration  might  be  that  of  the  possible  fragility  of  the  upper  atmos- 
phere*. If  it  is  found  that  this  protective  envelope  would  be  seriously  degraded  beyond 
some  calculated  number  of  annual  launches,  then  the  future  tourist  industry  could  be 
greatly  hampered  since  it  would  probably  have  a relatively  low  priority.  This  might  not  rule 
tom  ism  out  but  could  limit  it  severely  or  restrict  it  to  only  a very  few  high  priority  needs. 
On  the  other  hand,  the  upper  atmosphere  might  not  prove  to  be  fragile*  at  all  for  prop- 
erly designed  propulsive  systems. 

|2b4]  These  potential  issues  are  raised  for  balance  in  this  discussion.  Space  tourism  has 
an  exciting  long-term  potential  but  it  first  needs  to  be  developed  and  shown  to  yield  suf- 
ficient benefits.  During  the  next  few  decades  unforeseen  problems  will  undoubtedly  arise 
and  will  need  to  be  solved  satisfactorily.  Until  that  time  space  tours  art*  likely  to  remain  in 
the  limbo  of  hopes  or  dreams. 

If  the  health  problems  associated  with  protracted  journeys  into  spat  e should  become 
relatively  severe,  various  solutions  may  emerge  over  time  that  will  permit  space  develop- 
ment to  continue.  Indeed,  the  major  competitors  to  the  human  presence  in  space  have 
been  and  undoubtedly  will  be  the  various  automated  devices — robots,  in  one  form  or 
another.  Currently,  according  to  Carl  Sagan,  “As  a rule  of  thumb,  a manned  mission  costs 
50  to  100  times  more  than  a comparable  unmanned  mission.”1  Over  time,  automation  has 
become  increasingly  compact  and  effective.  That  is,  the  robots  tend  to  shrink  in  size  and 
increase  the  range  of  their  activities.  Humans  can  learn  to  do  the  latter,  but  they  will  have 
difficulty  in  shrinking. 

Nevertheless,  a human  presence  in  space  will  be  needed  and  is  likely  to  grow.  The  eco- 
nomics of  the  competition  with  the  robots  generally  will  determine  the  relative  balance* 
only  when  the  same  tasks  can  be  done  by  both.  As  space  development  proceeds,  the  bal- 
ance may  shift  either  way.  However,  as  space  industrialization  grows  in  complexity  the* 
need  for  human  specialists  may  grow  in  proportion.  The  first  Space  Shuttle  decade,  the 
80s,  should  give  us  some  early  clues  about  tlu*  outcome  of  this  long-term  competition. 

1 205 1 1).  The  Scenarios 

Optimistic  Scenario:  Some  of  the  potential  technology  discussed  in  Chapter  III  is  used 
in  the  Optimistic  Scenario  of  Chapter  IV.  This  scenario  simply  exercises  the  possible  tech- 
nological and  economic  muscles  to  show  what  could  reasonably  occur  in  an  environment 
of  sustained  funding,  high  morale,  dedication,  cooperation,  good  management,  and  rea- 
sonable luck.  It  is  intended  to  open  up  some  vistas,  to  make  it  clear  that  extraordinary  pos- 
sibilities exist  that  are  not  necessarily  Utopian.  Although  the  events  portrayed  are 
generally  not  expected  to  happen  as  soon  as  indicated,  we  believe  that  the*  sequence  is  not 
intrinsically  forbidden.  It  may  only  require  a change  in  public  attitudes,  which  is  certain- 
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ly  [>(>ssibk\  The  scenario  not  only  is  intended  to  give  a sense  of  some  ultimate  possibilities 
but  also  of  an  eventual  outcome.  Almost  all  of  the  technological  developments  that  "hap- 
pen in  the  fiist  100  years  are*  likely  to  occur  sooner  or  later — even  in  a pessimistic  sce- 
nario, although  probably  much  later  and  on  a reduced  scale.  As  is  discussed  below,  the 
economic  and  technological  progress  associated  with  the  Optimistic  Scenario  is  amazing 
in  its  long-term  outcome,  but  is  relatively  modest  in  any  particular  year  or  decade. 

Pessiinistic  Scenario:  Chapter  V portrays  the  two  New  International  Order  Scenarios. 
Part  I carries  out  a theme  which  today  is  widely  accepted  in  the  world,  although  not  by  the 
authois.  I his  is  a perspective  which  suggests  that  the  developed  nations  generally  are  rel- 
atively decadent,  and  that  the  developing  nations  have  the  energy  and  dynamism  to  push 
them  aside  and  become  the  focus  of' the  future.  The  second  (Part  II)  version  of  [2f>f>|  the 
scenario  assumes  that  richer  countries  will,  in  part  through  the  transfer  of  resources, 
greatly  accelerate  the  development  of  the  poorer  countries  and  that  these,  as  they  attain 
comparable  wealth  and  technological  advancement,  will  adopt  the  social  attitudes  and 
ideology  of  their  former  benefactors.  Both  of  these  scenarios  strike  us  as  being  relatively 
improbable- — but  they  do  raise  important  issues. 

On  the  other  hand,  we  do  find  that  many  formerly  poor  nations  are  now  middle- 
income  ones  and  progressing  very  rapidly.  Scenario  I gives  special  roles  to  China  and 
Brazil  in  determining  the  world's  future,  each  for  different  reasons.  Scenario  II  gives  a 
much  weakened  and  modified  form  of  this  New  International  Order  in  which  both  the 
middle-income  nations  and  the  poor  nations  eventually  become  post-industrial,  after 
which  further  economic  progress  is  very  slow. 

In  both  scenarios,  it  is  the  middle-income  nations  that  appear  likely  to  "challenge”  the 
lead  of  the  U.S.  and  the  Soviet  Union  in  spac  e activities  by  the  end  of  the  century  or  soon 
afterwards.  In  fact,  in  these  scenarios  the  U.S.  lead— as  measured  by  budgets— is  lost  to 
both  the  Russians  and  the  Chinese  before  the  year  2000,  and  to  the  Brazilians  soon  after- 
wards. We  believe  that  in  this  respect  the  two  scenarios  depicted  are  not  implausible;  it 
may  well  turn  out  that  these  newcomers  in  advanced  technology  and  growing  affluence 
will  become  technologically  dominant,  including  space  development.  Perhaps  nothing 
succeeds  like  success  in  a space  "race.”  Moreover,  the  successes  of  the  former  middle- 
mc  ome  countries  in  space  could  greatly  increase  their  ability  to  become  wealthier  than 
the  present  developed  nations.  In  these  scenarios  it  occurs,  not  only  because  of 
[2f)7J  diiec  t economic  and  technological  achievements,  but  because  their  success  creates 
a high  morale  and  a sense  of  competence  from  the  attainment  of  communal  goals — atti- 
tude's that  growing  space  activities  might  also  engender  in  the  [Organization  for 
hconomic  Cooperation  and  Development]  nations  under  appropriate  circumstanc  es. 

Because  visible  signs  of  success  are  so  important,  many  of  the  Third  World  countries 
oltc  n attempt  to  fake  them.  1 hat  is,  they  are  attracted  to  four-lane  highways  and  jet  air- 
liners in  order  to  achieve  the  appearance  of  success  before  they  have  properly  attended 
to  their  problems  in  rural  roads,  agriculture,  employment,  and  education.  The  diversion 
of  iesouK.es  to  showy  projects  can  be  tragic  even  if  the  showy  projects  are  successful;  usu- 
ally they  are  not.  7 hus  it  may  be  undesirable  for  a Third  World  country  to  jump  into  space 
development  rapidly.  Unless  both  their  economies  and  technological  resources  are  sul>- 
stantia!  it  can  represent  a serious  and  impractical  diversion  of  scarce  resources.  However, 
tlu*  appropriate*  economic  conditions  and  technological  development  can  appear  with 
astonishing  rapidity.  In  fact,  even  S.  Korea  and  Taiwan  may  be  ready  for  certain  special- 
ized spac  e*  ventures  in  the*  foreseeable*  future  because  of  the  rapidity  with  which  they  have* 
be  en  progressing.  Potential  economic  and  technological  giants  suc  h as  China  and  Brazil 
may  also  develop  a space*  capability  much  more  quickly  than  generally  expected,  if  their 
recent  progress  continues. 

In  our  most  Pessimistic  Scenario  progress  in  economics  and  technology  becomes  very 
low  after  a country  becomes  post-industrial.  Still,  a surprising  outcome  (one  which  struck 
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both  authors  forcibly)  was  that  eventually,  despite  a general  pessimism  about  space  pro- 
jects and  other  technological  developments,  space  activities  still  become  suiprisingly 
extensive.  [268]  (Consider,  as  an  analogy,  that  even  if  Queen  Isabella  had  not  financed 
Columbus,  or  if  he  had  failed  on  his  voyage,  the  Western  Hemisphere  would  still  be  there, 
waiting  to  be  found;  since  the  time  was  ripe  for  worldwide  exploration  and  exploitation 
other  Europeans  would  have  reached  it  before  many  more  years  had  passed.) 

The  pressures  for  exploring  and  exploiting  outer  space  basically  derive  f rom  increas- 
ing wealth  and  advancing  technologies.  Over  time  the  projects  become  easier  to  fund  and, 
with  advances  in  technology,  less  difficult  to  do.  At  some  appropriate  time,  barring  an 
almost  religious  aversion  to  new  technology,  a sufficient  desire  for  space  development  will 
arise — even  if  long  intervals  occur  when  support  is  hard  to  find. 

Another  analogy  might  be  made  with  the  development  of  the  U.S.  railroads  and  the 
West.  The  railroads  were  stimulated  by  gifts  of  free  land  by  the  government  and  the  belief 
that,  as  the  railroads  were  built,  the  traffic  would  follow — that  a great  deal  of  industrial 
mining  and  agricultural  development,  including  forestry,  would  occur  quite  rapidly  and 
justify  their  investment.  The  lime  was  ripe  and  it  did. 

A similar  experience  could  occur  with  the  Spat  e Shuttle  system.  In  space  there  may  be 
no  equivalent  to  the  free  160-acre  homesteads  which  were  once  available  to  the  average 
American,  but  great  opportunities  are  likely  to  exist  for  various  “railroad  companies  who 
“stake  out  claims”  in  outer  space.  At  the  moment  the  spate  frontier  and  its  available* 
resources  seem  relatively  unlimited.  Relatively  few  critical  regions  appear  to  exist  that  might 
eventually  become  the  cause  of  major  conflic  ts  and  hinder  commercial  development. 

[269|  Moderate  Scenario:  Chapter  VI  develops  our  Moderate  Scenario  which  is  intended 
to  be  more  plausible  than  the  others.  It  has  an  implied  conviclion  that  the  progress  rep- 
resented is  worth  striving  for— and  can  be  achieved  without  undue  reaching.  It  represents 
our  “median”  image  of  future  developments  in  space.  It  contains  some  fictional  elements 
which  are  intended  to  be  prototypes  of  actual  historical  events,  including  individuals  who 
are  “movers”  and  “shakers”  and  who  play  central  roles  in  forcing  a more  rapid  space*  devel- 
opment. 

The  Moderate  Scenario  emphasizes  two  new  commercial  opportunities:  spare  indus- 
trialization and  tourism,  both  of  which  appear  to  have  extremely  large  potential  in  all  the 
scenarios.  The  term,  “space  tourism,”  alone  may  not  convey  the  intended  meaning.  If  we 
assume  that  space  travel  is  the  moving  experience  that  it  has  been  to  many  astronauts,  at 
some  future  time  various  organizations  or  societies  may  wish  to  provide  this  experience  to 
selected  people.  It  may  be  a reward  for  dedicated  service  or  special  contributions,  or  a rit- 
ual associated  with  special  religious  groups.  Or  it  could  be  arranged  through  an  open  or 
limited  access  lottery. 

Shortly  after  the  beginning  of  space  tourism,  assuming  it  is  successful,  we  find  the  pos- 
sibility of  great  interest  in  establishing  permanent  orbiting  colonies — possibly  with  many 
of  the  same  motivations.  We  have  not  dwelt  upon  the  desire  for  utopias  or  choices  for 
one’s  preferred  life  style.  However,  it  may  well  turn  out  that  one  of  the  major  motivations 
for  colonies  in  space  is  similar  to  that  which  drove  the  Pilgrims  to  New  England:  the  desire 
to  choose  their  way  of  life  with  minimal  interference  from  the  home  country.  This  out- 
come, of  course,  would  depend  very  much  on  [270]  the  cost  and  viability  of  such  colonies. 
But  even  relatively  small  sects,  given  a growing  future  affluence,  could  eventually  finance 
a colonv  if  they  were  sufficiently  motivated — particularly  if  they  had  ability  to  tithe,  like 
the  Mormons  or  Black  Muslims." 


2.  Eh  example,  il  1,000,000  families  each  contributed  $2,500  a year  for  40  years,  without  interest  this 
j would)  become  $100  billion,  enough  to  establish  a substantial  colony  in  the  early  to  in  id-21  si  century,  accord- 
ing to  out  projections.  The  conlr ibution  could  appear  to  a Minvrus  a tax-exempt  investment  in  the  futine  rather 
than  as  a gift. 
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In  many  religions  the  wealth  of  the  church  is  thought  of  as  a common  resource  for  its 
members  to  help  those  in  difficulties  and  sometimes,  even  when  some  members  are  suc- 
cessful, to  be  used  to  facilitate  additional  success.  To  the  extent  that  space  colonies,  in 
addition  to  their  religious  connotation,  might  look  like  profitable  ventures  then  the 
investments  would  eventually  increase  the  wealth  of  the  church.  Furthermore,  through 
merit  criteria  or  lotteries,  every  member  would  have  a chance  to  become  a colonist,  or  a 
tourist.  The  church  might  deem  the  high  costs  well  worth  the  increased  faith  and  activity 
of  its  members — particularly  if  these  “tourists”  returned  with  an  inspired  and  zealous  com- 
mitment to  the  church. 

K.  Potential  for  Growth 


Our  very  rough  estimate  of  current  world  space  project  expenditures  is  about  $9  bil- 
lion per  year  on  non-military  developments  and  perhaps  half  that  much  on  military  space 
programs.  That  is,  total  expenditures  on  space  projects  are  about  .2  percent  of  the  GWP 
(about  .13  percent  non-military,  and  .07  percent  military). 

In  a pessimistic  space  scenario  that  small  (.13  percent)  fraction  generally  remains  sta- 
ble or  decreases,  de  spite  the  fact  that  the  cost  of  transportation  to  spac  e must  almost  c er- 
tainly fall  by  more  than  a fac  tor  [271 1 of  10  during  the  next  c entury.  Still  the  GWP  during 
the  Tiext  100  years  is  expected — in  our  earth-centered  surprise-free  projections' — to  rise  by 
about  a factor  of  20.  . . . If  space  expenditures  merely  kee  p pace*  with  ( *WP  they  would  be 
approximately  $200-$300  billion  by  then  and  would  almost  double  again  in  the  following 
100-year  period.  The  “truly”  pessimistic  space  scenario  would,  on  average,  maintain  a slow- 
er growth  in  space  investments  than  the  GWP.  On  average  means  that  “temporary”  fluctu- 
ations may  vary  that  projection  somewhat  over  periods  of  a few  decades  or  less. 

A moderate  scenario,  in  out  view,  would,  on  average*,  but  probably  with  erratic'  fluc- 
tuations, show  a growth  rale  in  space  which  exceeds  that  on  earth — perhaps  by  about  a 
fac  tor  of  2 or  3.  Thus,  the  world’s  space  budget  would  have  a mean  growth  rate  of  3-1/2 
percent  to  5 percent,  which  would  lead  to  space  budgets  between  $200  and  $1,200  billion 
at  the*  Tricentennial.  We  arrived  at  $700  billion  for  our  particular  Moderate  Scenario 
((  hapter  VI) . 

I lowever,  we  notice  that  the  2076  budget  (or  annual  investment)  estimate  is  extreme- 
ly sensitive  to  the*  assumed  average  growth  rate.  Over  a hundred  years  a 2-percent  change 
in  this  ave  rage  affects  the'  budget  by  about  a factor  of  7 — and,  over  200  years,  by  a factor 
of  50.  Yet  it  appears  to  ns  that  the  inherent  uncertainty  in  the  average  future  growth  rate 
is  intrinsically  greater  than  2 percent  and  may  he  as  high  as  5 percent — the  latter  leads  to 
a fac  tor  of  more  than  100  over  a century  and  more  than  an  astonishing  10,000  over  two 
centuries! 

1 272 1 On  the  positive  side — that  is,  from  a space  enthusiast’s  point  of  view— the  high 
growth  rates  lead  to  an  optimistic  scenario.  In  the  Optimistic  Scenario  of  Chapter  IV  the 
average  growth  rate*  in  worldwide  space  investments  rose*  during  the  last  quarter  of  the 
20th  century  at  about  10  percent  per  annum  (about  the  average  for  a “glamour”  or  high 
tec  hnology'  industry  currently).  During  the  first  100  years  after  a brief  rise  to  a 12-percenl 
growth  rate,  the  Gross  Spac  e*  Product  (GSP)  then  declined  steadily  to  about  an  8-percent 
growth  rate,  and  during  the  second  100  years  to  5 percent.  . . . We  note  that  the  growth 
rate  in  spac  e,  per  capita,  ends  at  about  2-1/2  percent— actually,  less  than  the  productivity 
increase  of  the  average  American  worker  in  recent  decades.  Thus,  the  Optimistic  Scenario 
portrayed  would  not  be  perceived  as  having  an  astonishing  growth  during  any  year  of  its 
history- — except  perhaps  during  1980-2000,  when  a general  change  in  societal  attitudes 
toward  space  is  assumed  to  oc  cur.  After  the  turn  of  the  century  it  is  just  the  assumed  long- 
term steadiness  of  the  slowly  declining  growth  rate*  that  brings  about  a “miraculous”  trans- 
formation— first  to  a $30  trillion  GSP  and  then,  during  the  much  slower  growth  of  the* 
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second  100  years,  to  an  awesome  $12,000  trillion.  . . . Stated  only  in  this  last  way  the  num- 
bers tend  to  be  hard  to  accept  as  having  any  reality;  the  average  annual  GWP/ capita, 
including  the  GSPs  after  200  years,  reaches  almost  $1  million — about  000  times  greater 
than  tlu*  average  today! 

I he  200-year  progression  of  moderate  successes  in  the  Optimistic  Scenario  not  only 
leads  to  fantastic  developments  in  space,  it  also  demands  an  extremely  rich  society  on 
earth — one  in  which  essentially  everyone  (except  those  who  voluntarily  opt  out)  is  an 
active  participant.  To  the  [273]  average  citizen,  today,  this  must  represent  an  unbelievable 
outcome — even  though  the  path  to  it  is  relatively  straightforward.  For  example,  to  go 
from  the  current  GWP  of  roughly  $(>.(>  trillion  to  one  of  $<>,700  trillion  over  200  years  (on 
earth  . . .),  requires  “only”  an  average  growth  rate  of  3.5  percent — less  than  that  which  the 
world  as  a whole  has  experienced  during  the  last  few  decades!  What  is  so  astonishing 
about  that.''  I he  answer  appears  to  be  nothing  to  an  optimist,  everything  to  a pessimist. 

In  the  above  sense  of  economic  and  technological  progress,  we  have  portrayed  pes- 
simistic, moderate,  and  optimistic  scenarios.  In  the  pessimistic  one  the  intrinsically  high- 
technology  enterprises  are  treated  as  fascinating  but  dangerous  tools  to  be  kept  under 
very  tight  control.  Society  responds  to  science  and  technology  as  if  it  were  a “foreign”  cul- 
ture beyond  its  real  understanding,  and  potentially  fraught  with  great  new  risks. 

I he  Moderate  Scenario  is  more  of  a long-term  business-as-usual  perspective.  Where 
space  projects  are  profitable  the  economic  rewards  tend,  over  time,  to  dominate  the  socio- 
political restraints  and,  accompanied  by  numerous  problems,  difficulties  and  interrup- 
tions, space  development  erratically  but  slowly  climbs  the  ladder  of  progress.  But  even 
such  erratic  slow  progress  over  a “were”  100  years  brings  about  changes  which  in  today’s 
world  could  only  seem  amazing — for  example,  a $600-billion  annual  investment  in  space 
when  transport  costs  are  about  1/25  of  the*  present  ones,  coupled  with  tremendous 
advances  (to  take  a few  examples)  in  automation,  instruments,  materials,  and  new  designs 
(for  vehicles,  industries,  communication  systems,  and  processes  in  space).  Thus,  even 
[274]  the  slow,  erratic  Moderate  Scenario  reveals  a potentially  astounding  transformation, 
one  that  may  be  almost  impossible  to  comprehend  fully  or  foresee  accurately.  That  is,  the 
projections  we  have  made  are  likely  to  appear  primitive  100  years  from  now — just  as  do 
the  l .S.  projections  from  100  years  ago  that  could  not  seriously  imagine  the  general  use 
of  automobiles,  let  alone  airliners,  space  flight,  electronic  computers,  television,  or 
nuclear  energy- — to  name  just  a few  of  the  evolved  “miracles” — and  all  this  with  an  aver- 
age growth  in  per  capita  GNP  of  less  than  2 percent. 

How  then,  when  the  business-as-usual  projection  becomes  shoe  king  or  incomprehen- 
sible, can  we  expect  anything  but  incredulous  reactions  for  any  optimistic  scenario?  Our 
Optimistic  Scenario  requires,  for  the  world  as  a whole,  merely  that  human  beings  opt  for 
growth  and  set  about  to  obtain  it  with  roughly  the  same*,  but  sustained , vigor  that  on  aver- 
age we  find  exists  today.  That  is  all. 


Document  111-17 

Document  title:  Robert  Dunn,  “NASA  Policy  to  Enhance  Commercial  Investment  in 
Space,”  internal  NASA  document,  September  13,  1983. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

As  part  of  a larger  reitiew  of  commercial  space  activities,  this  report  revimos  the  various  policies  A/A.SA 
had  developed  over  the  years  concerning  industrial  and  commercial  involvement  in  space.  Such  doc- 
umentation reveals  a new  way  of  thinking  at  NASA;  the  agency  was  beginning  to  consider  the  future 
users  of  space  rather  than  just  demonstrating  national  technological  competence  and  exploration. 
I his  was  partly  in  preparation  Jor  the  space  station,  partly  for  continued  pressure  to  fend  commercial 
Rtf I)  ventures  for  the  Shuttle , and  partly  to  bolster  NASA  support  throughout  the  economy. 
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NASA  Policy  to  Enhance  Commercial 
Investment  in  Space 

Ii  is  national  policy  to  effectively  apply  the  resources  of  the  nation  to  preserve  the  role 
of  the  United  States  as  a leader  in  space  science  and  technology  and  their  applications. 
With  the  maturing  of  the  Space  transportation  System  (STS)  to  a reliable  and  operational 
status  and  in  light  of  recent  initiatives  in  space  industrialization,  it  is  evident  that  the  dawn 
of  the  era  of  wide-spread  commercial  activities  in  space  is  at  hand.  Maintenance  of  nation- 
al leadership  in  space  requires  the  support  and  expansion  of  commercial  space  activities. 

1 he  President's  National  Space  Policy  of  July  4,  1982,  directs  NASA  to  expand  United 
States  private  sector  investment  and  involvement  in  civil  space  and  space-related  activities. 
In  light  of  this  directive  and  since  substantial  portions  of  the  United  States  technological 
base  and  motivation  reside  in  the  United  States  private  sector,  NASA  will  invigorate  its 
efforts  to  take  necessary  and  proper  actions  to  promote  a climate  conducive  to  expanded 
private  sector  investment  and  involvement  in  space  by  United  States  domestic  concerns. 

NASA  views  its  role  in  the  commercialization  of  space  in  light  of  the  National 
Aeronautics  and  Space  Act  of  1958,  as  amended  (Space  Act),  which  establishes  NASA  as 
the  agency  responsible  for  the  direction  of  civil  “space  . . . activities"  of  the  United  States. 
The  legislative  history  of  the  Act  states  that  “the  term  ‘activities’  should  be  construed 
br  oadly  enough  to  enable  the  Administration  ...  to  carry  on  a wide  spectrum  of  activities 
which  relate  to  tin*  successful  use  of  outer  space.  These  activities  would  include  scientific 
discovery  and  research  not  directly  related  to  travel  in  outer  space  but  utilizing  outer 
space,  and  the  development  of  resources  which  may  be  discovered  in  outer  space.” 

I fte  Space  Act  also  establishes  that  space  activities  will  be  conduc  ted  to  make  the* 
“most  effe  ctive  utilization  of  the  scientific  and  engineering  resources  of  the  United  Slates 
...  in  order  to  avoid  unnecessary  duplication  of  effort,  fac  ilities,  and  equipment.”  NASA 
lias  made  large  sc  ale  use  of  private  industry  as  contractors  in  carrying  out  its  activities.  It 
has  provided  space  launc  h services  for  commercial  purpose's  since*  19(52.  beginning  in 
1979  it  has  entered  into  “partnership”  arrangements  vvith  private  sector  firms  to  enhance 
the*  commercial  utilization  of  space  resources.  These  and  other  activities  carry  on  and 
expand  the*  tradition  of  NASA’s  cooperation  with  industry  and  other  private  sector  insti- 
tutions which  dates  bark  to  NASA’s  predec  essor  agency,  the  National  Advisory  Committee 
| for | Aeronautics. 

In  light  of  the  Presidential  policy  of  July  4,  1982,  NASA  will  continue  and  expand  its 
el  fori  to  fac  ilitate  private  sector  investment  in  outer  space  and  will  encourage  commercial 
space*  activities  consistent  with  that  policy. 

In  order  to  more  effectively  encourage  and  facilitate  private  sector  involvement  and 
investment  in  c ivil  space  and  space-related  activities,  N A .ST  will  redirect  a portion  of  its  space 
research  and  development  activities  to  assure  that  its  R&D  program  supports  the  research, 
development  and  demonstration  of  space  technologies  with  commercial  application. 

Io  further  support  this  objective,  NASA  will  directly  involve  the  private*  sector  in  ini- 
tiatives which  are  consistent  with  NASA  program  objectives  and  which  support  commer- 
cial space  activity. 

These  initiatives  may  include,  but  are  not  limited  to:  (1)  engaging  in  joint  arrange- 
ments with  United  States  domestic  concerns  to  operate  on  a commercial  basis  facilities  or 
services  which  relieve  NASA  of  an  operational  responsibility;  (2)  engaging  in  joint 
arrangements  with  U.S.  domestic  concerns  to  develop  facilities  or  hardware  to  he*  used  in 
conjunction  with  the  S I S or  other  aspects  of  the  U.S.  space*  program;  and  (S)  by  entering 
into  transactions  with  United  State's  concerns  designed  to  encourage  the*  commercial 
exploitation  of  space. 
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Princ  iple  NASA  inc  entives  available  in  joint  arrangements  may  include  in  addition  to 
making  available  the  results  of  NASA  research:  (1)  providing  (light  time  on  the  space 
transportation  system  on  appropriate  terms  and  conditions  as  determined  by  the 
Administrator;  (2)  providing  technical  advice,  consultation,  data,  equipment  and  facilities 
to  participating  organizations;  and  (3)  entering  into  joint  research  and  demonstration 
programs  where  each  party  funds  its  own  participation.  In  making  the  necessary  determi- 
nation to  proceed  under  this  policy,  the  Administrator  will  consider  the  need  (or  NASA 
funded  support  or  other  NASA  action  to  commercial  endeavors  and  the  relative  benefits 
to  be  obtained  f rom  such  endeavors.  The  primary  emphasis  of  these  joint  arrangements 
will  be  to  provide  support  to  ventures  which  result  in  or  facilitate  industrial  activity  in 
space  when  such  activity  would  otherwise  be  unlikely  to  occur  due  to  high  technological 
or  financial  risk.  Other  ventures  involving  new  commercial  activities  in  space  will  also  be 
supported.  In  either  case,  private  capital  must  be  at  risk. 

As  major  areas  for  NASA  enhancement  of  total  United  States  capability,  including  the 
private  sector,  may  become  apparent  from  time  to  time,  the  factors  to  be  considered  by 
NASA  prior  to  providing  incentives  may  include,  but  not  be  limited  to,  some  or  all  of  the 
following  considerations:  (1)  the  effect  of  the  private  sector  activity  on  NASA  programs; 
(2)  the  enhanced  exploitation  of  NASA  capabilities  such  as  the  Space  Transportation 
System;  (3)  the  contribution  to  the  maintenance  of  United  States  technological  superior- 
ity; (4)  the  amount  of  proprietary'  data  or  background  information  to  be  furnished  by  the 
concern;  (5)  the  rights  in  date  to  be  granted  the  concern  in  consideration  of  its  contri- 
bution; (6)  the  impact  of  NASA  sponsorship  on  a given  industry;  (7)  provision  for  a fonn 
of  exclusivity  in  special  cases  when  needed  to  promote  innovation;  (8)  recoupment  of  the 
contribution  under  appropriate  circumstances;  (9)  support  of  socio-economic  objectives 
of  the  government;  and  (10)  the  willingness  and  ability  of  the  proposer  to  market  any 
resulting  products  and  services. 

This  policy  supersedes  the  NASA  Guidelines  Regarding  Early  Usage  of  Spare  for  Industrial 
Purposes.  It  does  not  af  fect  existing  programs  (such  as  Materials  Processing  in  Space)  and 
relationships  which  are  consistent  with  or  outside  the  scope  of  the  policy.  This  policy  is  not 
to  be  construed  as  authorizing  or  requiring  NASA  to  perform  a regulatory  review  of  a pro- 
posed commercial  use  of  space  where  no  cooperative  agreement  or  other  appropriate 
arrangement  between  NASA  and  the  commercial  entity  is  contemplated.  . . . 

II. B.  Description  and  Discussion  of  Actions  and  Transactions 

In  order  to  understand  NASA’s  view  of  its  role  in  the  commercialization  of  spat  e,  it 
should  be  noted  that  the  National  Aeronautics  end  Space  Act  of  1958,  as  amended  (Space 
Act),  establishes  NASA  as  the  agency  responsible  for  the  direction  of  civil  “spat  e . . . activi- 
ties” of  the  United  States.  The  legislative  history  stales  that  “the  term  ‘activities’  should  be 
construed  broadly  enough  to  enable  the  Administration  to  carry  on  a wide  spectrum  of 
activities  which  relate  to  the  successful  use  of  outer  space.  These  activities  would  include 
scientific  discovery  and  research  not  directly  related  to  travel  in  outer  space  but  utilizing 
outer  space,  and  the  development  of  resources  which  may  be  discovered  in  outer  space.” 

The  Space  Act  also  establishes  that  space  activities  will  be  conducted  to  make  the 
“most  effective  utilization  of  the  scientific  and  engineering  resources  of  the  United  States 

in  order  to  avoid  unnecessary  duplication  of  effort,  facilities,  and  equipment.  NASA 
has  made  large  scale  use  of  private  industry  as  contractors  in  carrying  out  its  activities.  It 
has  provided  space  launch  services  for  commercial  purposes  since  1962.  Beginning  in 
1979  it  has  entered  into  “partnership”  arrangements  with  private  sector  firms  to  enhanced 
the  commercial  utilization  of  space  resources. 

In  light  of  the  Presidential  policy  of  July  4,  1982,  NASA  will  continue  and  expand  its 
ef  fort  to  facilitate  private  sector  investment  in  space  and  will  encourage  commercial  space 
activities  consistent  with  that  policy. 
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The  following  is  a description  of  the  mechanisms  NASA  uses  lo  enter  into  coopera- 
tion with  the  private  sector.  These  various  actions  and  transactions  are  or  may  he  used  by 
NASA  in  varying  degrees  to  assure  the  application  of  non-public  resources  to  tilt1  exploita- 
tion of  space  for  commerc  ial  purposes. 

1.  Procurements.  NASA  c arries  out  most  of  its  research  and  development  (R&D) 
activities  as  well  as  spare  launch  operations  through  the  use  of  procurement  contracts 
rather  than  through  use  of  its  own  personnel  and  facilities.  I he  United  States  Code  pre- 
scribes that  a procurement  contract  shall  be  used  when: 

“(1)  the  princ  iple  purpose  of  the  instrument  is  to  acquire  (by  purchase,  lease*,  or 
barter)  property  or  service's  for  the*  direct  benefit  or  use  of  the  United  States  govern- 
ment; or  (2)  the*  agency  decides  in  a specific  instance*  that  the  use  of  a procurement 
contract  is  appropriate."  SI  U.S.U.  § 6303. 

NASA’s  Procurement  Regulations  are  found  in  Chapter  IS,  Iitle  41,  (’ode  of  federal 
Re  gulations.  Unlike  most  civilian  agencies  NASA’s  procurement  authority  is  based  on  tlu* 
Armed  Services  Procurement  Act,  10  U.S.U.  § 2301,  H s eq.  The  Federal  Property  and 
Administrative  Services  Act,  40  U.S.U.  § 471  et  se(j.y  as  it  relates  to  disposal  of  property,  is 
also  applicable. 

NASA  implements  the  principles  of'OMB  Circular  A-76  “Performance  of  Commercial 
Activities"  as  it  relates  to  commercial  activities  in  support  of  R&D  even  though  in  most 
instances  A-76  is  not  directly  applicable  to  NASA  functions.  NASA’s  current  approach  to 
space  commercialization  is  much  broader  than  the  A-76  concept. 

2.  Cooperative  Agreement.  (Chiles  Act).  NASA  seldom  (Miters  into  cooperative 
agreements  as  defined  in  the  Chiles  Act  (as  distinguished  from  various  Space  Act  cooper- 
ative arrangements).  Such  a cooperative*  agreement  is  used  when: 

“(1)  the  principal  purpose  of  the  relationship  is  to  transfer  a thing  of  value  to  the 
State,  local  governments  or  other  recipient  to  carry  out  a public  purpose  of  support 
or  stimulation  authorized  by  a law  of  the  United  States  instead  of  acquiring  (by  pur- 
chaser lease,  or  barter)  property  or  services  for  the  direct  benefit  or  use  of  the  United 
States  (Government;  and 

(2)  substantial  involvement  is  expected  between  the  executive  agency  and  the  Slate, 
local  government  or  other  recipient  when  carrying  out  the  activity  contemplated  in 
the  agreement."  31  U.S.C.  § (>305. 

NASA  is  prepared  to  explore  the  possibility  of  expanding  its  use  of  such  agreements 
to  support  commercialization. 

3.  (Grant  Agreement.  NASA  has  made  use  of  grants  principally  to  fund  university- 
sponsored  research  and  development.  (Grants  are  used  when: 

“(1)  the  principal  purpose  of  the  relationship  is  to  transfer  a thing  of  value  to  the 
State  or  local  government  or  other  recipient  to  carry  out  a public  purpose  of  support 
or  stimulation  authorized  by  a law  of  the  United  States  instead  of  acquiring  (by  pur- 
chase, lease,  or  barter)  property  or  services  for  the  direct  benefit  or  use  of  the  United 
States  (Government;  and 

(2)  substantial  involvement  is  not  expected  between  the  executive  agency  and  the 
State,  local  government,  or  other  recipient  when  carrying  out  the  activity  contem- 
plated in  the  agreement.”  31  U.S.C.  § 6304. 

NASA  intends  to  direct  a portion  of  its  grant-funded  research  toward  areas  with  poten- 
tial viability  for  commercial  space  ventures.  NASA  regulations  covering  research  (Grants 
and  Cooperative  Agreements  arc  found  in  Part  1260,  Title  14,  Code  of  Federal 
Regulations. 

4.  Space  Act  Arrangements.  Independent  of  its  authority  to  enter  into  con t rads  for 
procurement,  cooperative  agreements  or  grants  as  defined  above,  the  National 
Aeronautics  and  Space  Act  <>1  1958,  as  amended,  authorizes  NASA  to  enter  into  a variety 
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of  flexible  arrangements  with  public  and  private  institutions.  Sections  203(e)(5)  and  (0) 
of  the  Ac  t provide: 

“(5)  without  regard  to  section  3648  of  the  Revised  Statutes,  as  amended  (31  U.S.C. 
529),  to  enter  into  and  perform  such  contracts,  leases,  cooperative  agreements  or 
other  transactions  as  may  be  necessary  in  the  conduct  of  its  work  and  on  such  terms 
as  it  may  deem  appropriate,  with  any  agency  or  instrumentality  of  the  United  States, 
or  with  any  State,  Territory,  or  possession,  or  with  any  political  subdivision  thereof,  or 
with  any  person,  firm,  association,  corporation,  or  educational  institution.  To  the 
maximum  extent  practicable  and  consistent  with  the  accomplishment  of  the  purpos- 
es of  this  Act,  such  contracts,  leases,  agreements  and  other  transactions  shall  be*  allo- 
cated by  the  Administrator  in  a manner  which  will  enable  small-business  concerns  to 
participate  equitably  and  proportionately  in  the  conduct  of  the  work  of  the 
Administration; 

(6)  to  use,  with  their  consent,  the  services,  equipment,  personnel  and  facilities  of 
Federal  and  other  agencies  with  or  without  reimbursement,  and  on  a similar  basis  to 
cooperate  with  other  public  and  private  agencies  and  instrumentalities  in  the  use  of 
services,  equipment,  and  facilities.  Kach  department  and  agency  of  the  Federal 
Government  shall  cooperate  fully  with  the*  Administration  in  making  its  services, 
equipment,  personnel,  and  facilities  available  to  the  Administration,  and  any  such 
department  or  agency  is  authorized,  notwithstanding  any  other  provision  of  law,  to 
transfer  to  or  to  receive  from  the  Administration,  without  reimbursement,  aeronauti- 
cal and  space  vehicles,  and  supplies  and  equipment  other  than  administrative  supplies 
or  equipment.” 

I he  following  arc*  examples  of  arrangements  and  transactions  supporting  space  com- 
mercialization which  NASA  has  entered  into  under  its  Space  Act  authority. 

a.  Early  Initiatives  in  Commercial  Space  Activity. 

(1)  Communications  Satellites.  On  July  10,  1902,  a NASA  Delta  launch  vehicle 
launched  the  first  privately-owned  satellite  which  was  also  the  world’s  first  active  commu- 
nications satellite.  Telstar  I was  a product  of  private  industry,  American  Telephone*  & 
Telegraph  Company,  launched  for  AT&T  by  NASA  on  a reimbursable  basis.  This  satellite 
enabled  a whole  continent  to  “see”  across  oceans.  Television  programs  from  and  to 
Europe,  for  instance,  brought  new,  real-time  sights  and  sounds  into  the  homes  of  millions. 
Even  though  Ielstar's  “mutual  visibility” — tbe  time  during  which  signals  could  be  sent  and 
received — was  relatively  short  (approximately  15  to  20  minutes),  the  portents  of  this  new 
communications  medium  was  immediate.  With  an  elliptical  orbit  that  crossed  the  Van 
Allen  belts,  Telstar  I taught  engineers  a great  deal  about  radiation  damage  to  communi- 
cations equipment.  Telstar  Ts  technology  did  not  prove  commercially  feasible,  however. 

A legislative  debate  soon  ensued  on  Capitol  Hill  as  to  how  this  new  communications 
system  was  to  be  used  operationally — by  private  industry,  by  a public  utility,  or  by  a 
Governmental  agency.  On  August  31,  1962,  President  John  F.  Kennedy  signed  the 
“Communications  Satellite  Act  of  1962/  This  law  created  a “communications  satellite*  cor- 
poration for  profit  which  will  not  be  an  agency  or  establishment  of  the  United  States 
Government,  but  which  would  have  government  representation  on  its  Board  of  Directors 
and  have  many  of  its  activities  regulated  by  Government.”  A space-age  development 
became  a new  business  enterprise  and  marked  a new  form  of  Government-business  col- 
laboration. 

Rapid  strides  were  made  by  NASA  in  the  area  of  improved  communication  tech- 
niques. Technological  advances  produced  by  AT&T's  Telstar,  NASA's  Echo,  Relay,  and 
Syncom  systems  soon  found  further  applications.  In  1965  tlu*  control  of  Syncom  II  and 
Syncom  III  was  transferred  to  the  Department  of  Defense*  for  operational  e ommuniea- 
tions  and  for  study  in  elc*sign  of  military  communications  systems.  Early  Bird,  the*  world's 
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commercial  communications  satellite,  was  built  by  the  Syncom  contractor,  Hughes 
Aircraft  Co.,  lor  the  C Communications  Satellite  (Corporation  and  was  closely  patterned  on 
the1  earlier  Synrom. 

I he  communications  satellite  in  geo-synchro  no  us  orbit  has  become  the  basis  for  sul>- 
sequent  government  and  commercial  communications  satellites.  In  less  than  twenty  years 
a multi-billion  dollar  industry  has  grown  up  in  international  and  domestic  spac  e telecom- 
munications. Applications  have  resulted  in  the  rapid  expansion  of  the  cable  television 
industry  and  new  applications  ol  direct  broadcast  technology  are  in  the*  oiling. 

One*  ol  NASA’s  most  recent  advances  in  communications  satellite*,  the*  Trac  king  and 
Data  Relay  Satellite  System  ( I DRSS),  was  originally  proposed  as  a commercial  venture  but 
later  reorganized  as  a more*  traditional  procurement. 

(2)  Launc  h Vehicle  Upgrade*  and  Upper  State  Developments.  In  1972  the  United 
Slate's  committed  itself  to  the*  development  of  the  reusable  Space  Shuttle  and  a decision 
was  made*  not  to  spend  additional  public  funds  to  improve*  expendable  launch  vehicles 
suc  h as  the  Delta.  McDonne  ll  Douglas,  the  Delta’s  manufacture*],  undertook  in  1973,  a 
performance  upgrade  of  the*  Delta  called  the  3914,  which  increased  the  Delta  payload 
capability  to  2000  lbs.  into  the*  geosynchronous  transfer  orbit,  lhe*  emerging  dome*stic 
communications  satellite  industry  was  very  interested  in  the  cost  effect ivene*ss  of  the  addi- 
tional Delta  launch  capability  and  this  set  the  stage  for  McDonnell  Douglas’  first  com- 
mercial spac  e*  venture*.  RCA  became*  the  first  customer  and  agreements  were  struc  tured 
between  RCA,  McDonnell  Douglas  and  NASA  to  operate  the*  projec  ts  as  follows: 

• McDonnell  Douglas  agreed  to  design  and  develop  the  uprated  vehicle  at  their  own 
risk  on  commercial  funds  but  with  profit  limitations. 

• McDonnell  Douglas  agreed  to  recover  its  investme  nt  through  a specified  “not  to 
exceed”  customer  charge  for  eac  h commercial  launc  h;  however,  there  would  be*  no 
“investment  c harge”  for  U.S.  Government  use  of  the  vehicle. 

• NASA  agreed  to  contrac  t for  production  and  launch  ser  vices  of  the  improved  vehicle 
as  an  integral  part  of  the  on-going  Delta  Program  and  would  provide  tec  hnic  al  mon- 
itoring. 

• RCA  agreed  to  contract  with  NASA  for  three  vehic  les  and  launch  services  and  with 
McDonnell  Douglas  for  three*  user  development  amortization  payments. 

The  first  launc  h was  successful  in  1975  and  as  of  mid-1983  there  have  been  23  launch- 
es of  which  seven  have  been  U.S.  government  missions  with  the  remainder  being  com- 
mercial and  foreign  customers. 

McDonnell  Douglas’  second  commercial  venture  in  this  field  was  the*  Payload  Assist 
Module  (PAM-D)  undertaken  in  197(5.  PAM-D  is  an  upper  stage  vehicle  for  Delta  c lass 
satellites  designed  to  assist  launch  vehicle  customers  in  planning  launc  hes  in  the*  era  of 
transition  between  e xpendable  launch  vehicle  s and  the  Space  Shuttle.  The  PAM  is  basi- 
cally a part  of  the*  payload  cargo  clement  and  as  such  it  may  be  used  either  as  a third  stage 
on  the  Delta  or  as  an  upper  stage  on  Shuttle  to  carry  the  satellite  into  the  geosynchronous 
transfer  orbit..  This  provides  the*  c ustomer  with  the  flexibility  to  plan  a launc  h on  Delta  or 
Shuttle*  and  a relatively  easy  means  to  shift  between  the*  two  if  conditions  should  so  war- 
rant. Again,  McDonnell  Douglas  began  this  development  after  reac  hing  an  agreement 
with  NASA  on  how  the  program  would  be  performed.  The  primary  features  of  this  agree- 
ment were*  as  follows; 

• Me  Donnell  Douglas  agreed  to  develop  the  system  completely  on  commercial  f unds  on 
a schedule  compatible  with  the*  Shuttle  operational  requirements. 

• McDonnell  Douglas  agreed  to  sell  PAM  commercially  at  a specified  “not-to-excced” 
ceiling  price  along  with  a fixed  escalation  for  inflationary  factors  in  addition  to  prof- 
it limitations. 
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• NASA  agreed  not  to  fund  or  formally  solicit  the  development  of  competitive  or  alter- 
nate system. 

• NASA  agreed  to  provide  suitable  building  facilities  at  | Kennedy  Space  Center]  for 
PAM  processing  activities  with  reimbursement  as  a part  of  the  Shuttle  launch  service1 
contract  with  each  customer  using  PAM. 

• NASA  agreed  to  provide  interlace  data  and  technically  monitor  the  project. 

The  first  commercial  PAM  contract  was  signed  between  Hughes  and  McDonnell 
Douglas  in  1978.  The  first  flight  was  successful  for  Satellite  Business  Systems  on  Delta  in 
November  1980.  The  first  two  flights  on  Shuttle  were  successf  ully  completed  in  November 
1982.  To  mid-1 983.  McDonnell  Douglas  had  contracted  29  PAM-D  missions  and  success- 
fully flown  10  out  of  10  scheduled. 

In  1977  McDonnell  Douglas  signed  a similar  agreement  to  develop  a larger  PAM  for 
Shuttle  launch  only  called  “PAM-A.”  This  version  has  comparable  payload  capability  to  the 
Allas  Centaur  ELV.  After  a competition  with  another  aerospace  firm,  NASA  awarded 
McDonnell  Douglas  a Firm  Fixed  Price  Contract  for  (>  PAM-A  launches  which  has  subse- 
quently been  increased  to  8.  There  are,  however,  no  currently  assigned  missions  for  PAM- 
A and  no  commercial  sales  have  been  achieved. 

In  1982  customers  began  requesting  additional  performance  from  the  PAM-l)  system, 
but  short  of  the  more  expensive  PAM-A  capability.  As  a result  McDonnell  Douglas  decid- 
ed to  commercially  undertake  a growth  version  called  “PAM-DII/’  which  includes  a new 
motor  and  raises  the  payload  capability  to  approximately  4100  lbs.  into  the  geosynchro- 
nous transfer  orbit.  An  initial  commercial  contract  resulted  from  a 1983  order  by  GTE 
Satellite  Corporation.  NASA  has  agreed  to  provide  technical  monitoring. 

In  eatlv  1983  NASA  entered  into  a cooperative  agreement  with  Orbital  Systems 
Corporation,  an  entirely  new  company,  to  provide  for  the  production  of  another  shuttle- 
compatible  upper  stage,  the  Transfer  Orbit  Stage  (TOS).  NASA  has  no  current  need  for 
such  an  upper  stage  for  its  in-house  programs  but  is  cooperating  with  Orbital  Systems  to 
optimize  Shuttle  capabilities  for  commercial  customers  who  may  wish  to  purchase  such  an 
upper  stage.  The  TOS  is  privately  funded  but  has  NASA  technical  monitoring  and  NASA's 
agreement  not  to  build  a competing  upper  stage. 

b.  Joint  Endeavor  Agreements.  The  joint  Endeavor  Agreement  (JEA)  was  originally 
developed  to  facilitate  NASA’s  interest  in  involving  the  private  sector  in  materials  pro- 
cessing in  space  (MPS)  but  its  basic  provisions  arc  applicable  to  other  areas  of  space  indus- 
trialization. 

The  JEA  is  a cooperative  arrangement  in  which  private  participants  and  NASA  slum- 
common  program  objectives,  program  responsibilities,  and  financial  risk.  The  objective  of 
a JEA  is  to  encourage  early  space  ventures  and  demonstrate  the  usefulness  of  space  tech- 
nology to  meet  marketplace  needs.  A JEA  is  a legal  agreement  between  equal  partners, 
and  is  not  a procurement  action;  no  funds  are  exchanged  between  NASA  and  the  indus- 
trial partner.  A private  participant  selects  an  experiment  and/or  technology  demonstra- 
tion for  a joint  endeavor  which  complies  with  MPS  program  objectives,  conducts  the 
necessary  ground  investigation,  and  develops  flight  hardware  at  company  expense.  As 
incentive  for  this  investment,  NASA  agrees  to  provide  free  Shuttle  flights  for  projects 
which  meet  certain  basic  criteria,  such  as  technical  merit,  contribution  to  innovation,  and 
acceptable  business  arrangements.  As  further  incentive,  the  participant  is  allowed  to 
retain  certain  proprietary  rights  to  the  results,  particularly  the  nonpalenlable  information 
that  yields  a competitive  edge  in  marketing  products  based  on  MPS  results.  However, 
NASA  receives  sufficient  data  to  evaluate  the  significance  of  the  results  and  requires  that 
any  promising  technologies  be  applied  commercially  on  a timely  basis,  or  published. 
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The  first  JKA  signed  in  1980  involved  McDonnell  Douglas  and  Oi  ihoRharmaceuticals 
in  a project  titled  continuous  flow  electrophoresis  which  promises  higher  quantities  and 
quality  of  certain  pharmaceuticals  produced  in  space.  Successful  experiments  have  been 
conducted  on  several  Shuttle  flights.  A JKA  for  the  purpose  of  producing  Galium  [sic] 
Arsenide  crystals  in  space  was  signed  between  NASA  and  Micro  Gravity  Research 
Assoc  iates  in  1 983.  Ollier  MRS JKA’s  are  under  consideration. 

An  example  of  JKA  extending  outside  the  MRS  area  is  the  recent  NASA-Faii  child  JKA 
concerning  the  development  of  a space*  platform  for  lease.  Other  proposed  JKA’s  deal 
with  development  of  Shuttle  payload  carriers. 

c.  Technical  Kxchange  Agreements.  For  companies  interested  in  applying  micro- 
gravity technology,  but  not  ready  to  commit  to  a specific  space  flight  experiment  or  ven- 
ture, NASA  has  developed  the  Technic  al  Kxchange  Agreement  (TKA).  Under  a TKA, 
NASA  and  a company  agree  to  exchange  technical  information  and  cooperate  in  the  con- 
duct and  analysis  of  ground-based  research  programs.  In  this  agreement,  a firm  can 
become  familiar  with  microgravity  technology  and  its  applicability  to  tlu*  company  prod- 
uct line*  at  minimal  expense*.  Under  TKA,  the  private  company  funds  its  own  participation, 
and  derives  direct  access  to  and  results  from  NASA  facilities  and  research,  with  NASA  gain- 
ing the*  support  and  expertise*  of  the  private  company’s  industrial  research  capability. 

Several  MRS  TKAs  have  been  signed  and  others  are  proposed.  NASA  has  provided 
microgravity  drop  tube*  use*  and  aircraft  flights,  among  othe*r  facilities,  to  support  these 
efforts. 

d.  Industrial  Guest  Investigators.  In  an  Industrial  Guest  Investigator  (IGI) 
Agreement  NASA  and  industry  share*  sufficient  mutual  scientific  interest  that  a company 
arrangers  for  one*  of  its  scientists  to  collaborate  (at  company  expense)  with  a NASA-spon- 
sorc*d  principal  investigator  on  a spat  e flight  MRS  experime  nt.  Once*  the  parties  agree  to 
the*  contribution  to  be  made  to  the  objectives  of  the  experiment,  the*  IGI  becomes  a mem- 
ber of  the  investigation  team,  thus  adding  industrial  expertise  and  insight  to  the*  experi- 
ment. A number  of 'IGI  agreements  have  bee*n  undertaken. 

(*.  Commercial  famuli  Vehicles. 

(1)  Commercialization  of  NASA  KLV  Systems.  Because1  of  die*  nation’s  eommil- 
ineni  to  the*  reusable  Space  Shuttle*  both  NASA  and  the  Department  of  Defense  plan  to 
te  rminate*  use  of  expendable  launch  vehicles.  In  May  1983  the  President  decided  that  the 
private*  sector  should  be*  given  the  opportunity  to  operate  these  systems  on  a commercial 
basis.  NASA  is  in  the*  process  of  exploring  ways  to  transfer  the  production  and  operation 
of  its  KLYr  systems  to  the*  private  sector.  By  transferring  these  systems  it  is  hoped  that  tlu* 
e xisting  production  and  launch  facilities  will  remain  a valuable  national  resource  rather 
than  be*  reduced  to  scrap  but  that  government  will  be  relieved  of  die  cost  of  maintaining 
a redundant  launch  system.  Transfer  will  require  termination  of  various  procurement  con- 
tracts and  execution  of  multi-faceted  facility  use  agreements. 

(2)  Privately  Developed  Launch  Vehicles.  NASA  personnel  provided  advice  and 
guidance  to  Spac  e Services,  Inc.  (SSI)  in  its  attempts  to  develop  a space  rocket.  In  1982 
SSI  suc  cessfully  launched  a sul)-orhital  rocket  to  demonstrate  the*  ability  of  a private  com- 
pany in  this  field.  Pursuant  to  a cooperative  agreement,  NASA  provided  the  rocket  motor 
for  SSI’s  demonstration  flight.  It  is  believed  that  this  demonstration  generated  great  inter- 
est in  the*  private  operations  of  space  launch  vehicles  and  support  system.  SSI  is  continu- 
ing to  develop  a low  cost  orbital  launch  vehicle  which  will  have  slightly  greater  c apability 
than  NASA’s  Scout  vehicle.  SSI  lias  requested  NASA  to  agree  not  to  restart  Scout  produc  - 
tion or  otherwise  compete  in  the  low  weight,  low  earth-orbit  commercial  market. 
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NASA  has  also  provided  limited  advice  and  technical  assistance  to  ARC  Technologies 
in  its  attempt  to  develop  a launch  vehicle.  The  proposed  ARC  vehicle  is  based  on  propul- 
sion technology  originally  developed  by  the  government  but  later  abandoned.  If  success- 
ful, ARC  may  add  to  America’s  technological  resources.  In  addition  to  NASA’s  advice  ARC 
has  requested  tracking  and  data  services  from  another  government  agency. 

f.  Other  Iran  sac  t ions,  NASA’s  current  and  projected  programs  and  policies  can 
facilitate  commercial  space  ventures  in  a variety  of  ways. 

(1)  Patents.  NASA  view's  its  patent  program  as  an  integral  portion  of  its  mission 
responsibility  to  encourage  new  technology  and  foster  the  utilization  and  commercializa- 
tion of  NASA  supported  technologies.  The  statutory  basis  for  the  agency’s  patent  polic  y is 
Section  HO 5 of  the  Aeronautics  and  Space  Act  of  1958.  Accordingly,  NASA  acquires  title  to 
all  inventions  under  contract  unless  the  Administrator  decides  that  waive]'  of  title*  to  the 
contractor  would  be  in  the  public  interest  (sec.  805(f)).  Thus,  the  agency  was  granted 
broad  waiver  authority,  but  is  required  to  retain  a broad  royalty-free  license  to  all  inven- 
tions under  contract  so  that  the  waiver  of  title  in  actuality  amounts  to  a waiver  of  com- 
mercial rights  only.  NASA  patent  regulations  are  found  at  Title  14  ('.ode  of  Federal 
Regulations,  Part  1245. 

(i)  Patent  Waivers. 

There  are  two  types  of  domestic  waivers  granted  by  NASA:  ( 1 ) advance  waivers  which 
are  applicable  to  inventions  made  under  a contract;  and  (2)  waivers  for  inventions  subse- 
quently reported  under  a contract.  The  granting  of  waivers  is  authorized  by  the 
Administrator  upon  the  recommendation  of  the  Inventions  and  Contributions  board  set 
up  under  section  805(0  of  the  1958  Act.  However,  all  waivers  are  subject  to  tin*  retention 
of  NASA  of  a broad,  irrevocable  royalty-free  license  and  of  “march-in  lights.”  Marc  h-in 
rights  permit  the  agency  to  intervene  if  it  believes  that  inventions  are  being  suppressed, 
that  there  is  a danger  to  the*  public  health  and  safely,  or  that  a company  is  not  meeting 
Government  regulations.  The  agency  also  retains  the  authority  to  void  waivers  if  a firm 
fails  to  report  on  its  commercialization  activities. 

Seventy-five  percent  of  the  requests  for  waiver  have  been  granted.  Howeve  r,  to  date 
this  represents  only  a small  number  of  waivers  because*  there  have  been  few  requests. 

(ii)  Patent  Licenses. 

NASA  patent  licensing  regulations  were  promulgated  to  use  the  patent  system  to  pro- 
mote the  utilization  of  inventions  arising  from  NASA  supported  research  and  develop- 
ment. An  applicant  is  required  to  supply  NASA  with  a satisfactory  plan  for  development 
or  marketing  of  the*  licensed  inventions,  or  both,  and  with  information  about  the  appli- 
cant’s capability  to  fulfill  the  plan. 

(iii)  Protecting  Intellectual  Property  Rights  in  Commerc  ial  Spac  e Activities. 

In  recognition  of  the  substantial  investment  necessary  to  develop  the  electrophoresis 
experiment  and  other  activities  conducted  as  joint  endeavors,  NASA  negotiated  special 
clauses  dealing  with  inventions  and  technical  data.  Typical  clause's  provide  that  as  long  as 
the  par  tv  engaged  in  the  joint  endeavor  with  NASA  continued  to  pursue  the  experiment, 
that  party  would  retain  all  rights  to  inventions  and  proprietary  technical  data.  NASA 
would  not  take  a government  license  or  any  “march-in”  lights  to  require  licensing  of  Oth- 
ers. The  only  exception  is  if  the  NASA  Administrator,  in  response  to  a national  emergency, 
determines  that  an  invention  made  in  the  performance  of  the  joint  endeavor  is  urgently 
needed  for  public  health  reasons.  NASA  intends  to  continue  to  use*  its  flexibility  to  accord 
full  rights  to  inventions  and  proprietary  technical  information  to  private  parties  willing  to 
invest  substantial  sums  in  joint  endeavor  agreements. 

(2)  Privatization  and  (Commercialization  of  Space  Infra-structure.  The  transfer  of 
Government  K I .V  systems  bast'd  on  a Presidential  decision  was  described  above  and  men- 
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lion  was  made  of  privately  financed  upper-stages.  These  are  prototypes  for  transferring 
existing  infra-structure  and  c reating  new  infra-struc  ture  through  private  investment. 

NASA  believes  its  polic  y of  acquiring  and  operating  its  facilities,  equipment,  and  tech- 
nical services  through  industrial  contractors  has  built  a competence  for  supporting  new 
initiatives  and  exploiting  space  technolog)'  in  the*  private*  sector.  For  example,  several  pro- 
posals to  NASA  involve*  private  financing  of  some  ol  the  shuttle  infrastructure.  These  are 
opportunities  to  facilitate*  the*  commercialization  process  and  reduce  NASA  funding 
requirements  without  posing  a threat  to  NASA’s  principal  mission — research  and  devel- 
opment. Therefore,  in  certain  instances,  after  identifying  a specific  requirement  for  a prod- 
uct or  service  and  determining  that  there  is  no  compelling  need  to  meet  the  requirement 
through  a traditional  NASA-controlled  development  program,  NASA  will  advertise*  the* 
need  within  the  private  sector  as  a commercial  opportunity  concurrently  announcing  that 
it  will  not  initiate  a competitive  development.  Difficulties  encountered  in  the  tracking  and 
data  relay  satellite  program  in  accommodating  governmental  and  commercial  function  in 
a single  spacec  raft  have  made  NASA  keenly  aware  of  the  importance  of  a thorough  exam- 
ination of  the  government's  interest  before  making  a private  sector  commitment. 

(8)  The  Aeronautics  Model.  Events  over  the*  past  twenty  years  have  established  a 
two-fold  R&D  role  for  NASA  in  space  applications — name  ly,  to  explore  new  opportunities 
for  the  application  of  space  technology  and  to  improve*  demonstrated  technologies  to 
ac  hie*ve  the  extensive  ope* rational  capabilities  available  today.  NASA  belie*ve*s  these*  activi- 
ties support  critical  national  needs;  therefore,  this  NASA  role  should  be  continued  and 
expanded.  An  element  of  this  role  is  perhaps  best  illustrated  by  the*  need  to  advance  com- 
munications technology  including  work  in  the  80-20  GHz  frequency  range*.  Since  its 
demonstration  in  the*  early  1960’s,  the  private  sector  has  translated  synchronous  commu- 
nications satellite  technology  into  a highly  successful  growth  industry.  The  communica- 
tions satellite  industry  is  the  principal  current  example  of  commercialization  of  space 
technology,  yet  new  technological  breakthroughs  are  now  required  to  maintain  U.S.  lead- 
ership and  to  realize  continued  economic  benefits.  The*  estimated  cost  of  this  advanced 
technology  development  exceeds  the  financial  capability  of  any  single  firm  in  the*  indus- 
try. NASA  intends  to  puisne  this  R&D  requirement  and  any  similar  cases  in  space*  appli- 
cations through  demonstration  of  the*  applicable  technology.  In  so  doing,  NASA  will 
explore  the  feasibility  of  adapting  the  mutually  beneficial  experience  accruing  from  the 
govermnent/indusiry  working  relationships  in  conducting  its  aeronautical  research  pro- 
grams, wherein  NASA  conducts  R&D  and  in  certain  cases  industry  performs  hardware  fal> 
rication  and  flight  te  sting  of  new  technologies  under  cost-sharing  arrangements. 

(4)  Small  Business  Innovation  Research.  NASA  has  implemented  the  first  stage  of 
its  SBIR  program  pursuant  to  the  Small  Business  Innovation  Development  Act.  The  pur- 
pose of  the  statute*  is  to  set  aside  a portion  of  each  agency's  extramural  R&D  budget  to 
assist  in  a substantial  way  small  business  in  bringing  to  market  advanced  R&D  products 
and  se  rvices.  The  SBIR  program  though  not  specifically  related  to  “in  space”  commer- 
cialization does  attempt  to  develop  space  technolog)'  and  its  applic  ations  to  the*  point  of 
commercial  viability. 

The  Small  Business  Innovation  Development  Act  requires  an  escalated  expenditure  of 
an  agency’s  R&D  funds  according  to  a set  formula  where  the  extramural  R&D  budget  is  over 
SI 00,000,000:  in  the  first  year  0.2  percent;  0.6  in  the  second;  1.0  in  the*  third  fiscal  year;  and, 
not  less  than  1.2b  percent  in  all  subsequent  fiscal  years.  For  NASA,  this  means  $5  million  in 
1988  and  $12  million  in  1984,  with  a subsequent  reduction  in  dollar  amounts  in  later  years 
as  all  Shuttle  activities  are  treated  as  operational  and  not  R&D  for  budget  purposes. 

The*  SIMR  program  is  required  to  he*  conducted  in  three  phases,  only  two  of  which  will 
be  funded  by  the  Government.  In  the*  first  phase*,  contractors  are*  to  prove*  the*  feasibility 
of  their  proposed  scientific  and  tec  hnical  ideas.  Up  to  $50,000  will  he*  awarded  for  select- 
ed Phase*  I proposals  which  will  he*  conducted,  normally,  within  six  months.  Price 
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competition  is  not  a factor  in  selection,  hut  value  to  the  Government  is.  In  Phase  II, 
embodying  the  principal  research  effort,  awards  will  he  made  to  Phase  I contractors  whose 
work  shows  promise  of  producing  something  of  value  for  the  agency  in  terms  of  technical 
merit  and  feasibility.  Special  consideration  will  he  given  to  proposals  which  demonstrate 
funding  commitments  to  development  of  commercial  application  of  the  idea.  Phase  II 
awards  are  expected  to  he  in  amounts  of  up  to  8500,000  for  a period  of  performance,  gen- 
erally, not  to  exceed  24  months.  In  both  Phase  I and  II  contracts,  a profit  or  fee  may  he 
included.  Phase  III.  hopefully,  will  involve  private  market  funding  support  of  contractor 
efforts  with  ultimate  commercialization  of  the  product  or  service. 

In  order  to  he  eligible  to  propose,  a contractor  must  be  a small  business.  And,  the  pro- 
poser must  he  the  primary  source  of  employment  of  the  principal  investigator.  However, 
some  subcontracting  is  permitted  in  both  phases  and  joint  ventures  are  permitted  and 
even  encouraged,  providing  small  business  eligibility  standards  for  the  proposers  arc 
main  tain  eel. 

One  of  the  most  significant  aspects  of  the  SBIR  contracts  yet  to  be  resolved  is  the  exact 
nature  of  the  data  rights  issue;  neither  the  statute  nor  the  SBA  (Small  Business 
Administration)  have  given  clear  guidance  on  this  issue*  which  must  be  resolved  in  a uni- 
form manner  throughout  the  SBIR  program. 

An  SBIR  program  was  established  at  NASA  Headquarters  in  the  Office  of  Aeronautics 
and  Space  Technology  to  coordinate  and  handle  the  development  of  topics,  and  to  conduct 
the  selection  process.  Topics  were  proposed  by  the  NASA  field  centers,  evaluated  and  culled 
at  Headquarters  for  inclusion  in  a topic  list  sent  out  with  the  solicitation.  Evaluation  and 
selection  of  winning  proposals  are  accomplished  through  panels  of  NASA  scientific  and 
technical  experts.  Awards  of  contracts  will  be  made  by  the  SBIR  office  with  the  administra- 
tion at  the  field  center  from  which  the  topic  originated.  Initial  first  phase  contract  awards 
have  been  made.  If  this  program  proves  successful,  NASA  may  extend  the  concept  beyond 
the  original  statutory  requirements  as  an  adjunc  t ol  its  commercialization  program. 

Document  111-18 

Document  title:  “Space  Commercialization  Meeting,”  memo  with  agenda,  participants, 
and  outline  of  policy  issues,  The  White  House,  August  3,  1983. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

In  / 9H3y  the  Reagan  administration  derided  to  encourage  the  private  sector  to  itwesf.  in  spare  research 
and  commercialization  and  wanted  to  understand  what  government  policies  would  provide  the  best 
climate  for  private  investment  in  space.  A meeting  was  held  at  the  White  House  with  business  and 
government  leaders  to  discuss  measures  that  would  stimulate  private-sector  industrial  activity  in 
space.  This  meeting  was  one  of  the  first  very  high-inf  el  and  visible  signals  from  the  government  to  busi- 
ness to  plan  for  a new  era  in  space  of  profit-making  opportunities,  manufacturing ; and  other  activi- 
ties. It  was  also  a direct  signal  to  business  that  the  planned  space  station  would  be  available  for 
commercial  opportunities  and  that  to  advance  the  plans  for  the  station , the  lobby  ing  and  support  of 
the  business  sector  would  be  important. 
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Outline  of  Commercial  Space  Policy  Issues 

I low  does  the  Administration  insure  a consistent  Federal  space  policy? 

YVhal  constitutes  a lair  and  favorable  pricing  policy? 

What  economic  incentives  should  be*  considered  to  promote’  commercial  spare*  activity? 

• profit 

• tax  credits 

• depredation 

• low  cost  capital 

• free-  R&I)  flight  time 

• risk  sharing/risk  reduction 

• insurance  pools 

What  Federal  funding/ program  commitments  are  important? 

• shuttle  availability 

• space  station:  manned  and  unmanned 

• basic  research 

How  will  property  rights  be  protected? 

• patent  law 

• proprietary  protections 

What  tec  hniques  should  be  used  to  expand  the*  market  for  commercial  space*  activities? 

• special  government  procurement  policies 

• period  of  exc  lusivity  for  high  risk,  high-cost,  high-benefit  ventures 

• fac  ilitate*  private  sector  access  to  government  data 

• provide  market  guarantees  for  spac  e produc  ts 

• heighten  awareness  about  commercial  space*  ventures 
What  is  the  appropriate  role  for  NASA? 

• STS  operations 

• research 

• regulator 

What  regulatory  harriers  exist  that  could  retard  commercial  space*  development? 

• overlapping  jurisdictions 

• unfavorable  regulations 

What  national  security  issues  affect  commercial  space*  ventures? 

• need  to  reexamine  classification  policies  and  procedures 

• reassess  international  space  issues  (technology*  transfer,  foreign  cooperative  pro- 
jects, etc.)  given  foreign  competition 

Document  Ilf-19 


Document  title:  Craig  L.  Fuller,  The  Wliite  House,  Memorandum  for  the  Cabinet  Council 
on  Commerce  and  Trade,  “Commercial  Space  Initiatives,”  April  10,  1984,  with  attached: 
“Private  Enterprise  in  Space — An  Industry  View,”  pp.  iv-v. 

Source:  Documentary  History  Collection,  Space  Policy  Institute,  George  Washington 
University,  Washington,  D.C. 

I his  memo  arid  the  attached  document  (Mow  is  only  the  introduction)  summarized  a series  of  issue 
papers  prepared  fry  business  and  government  interests . The  White  House  was  a strong  supporter  of 
space  commercialization , and  this  memo  detailed  the  initiatives  that  industry  [<dt  would  he  necessary 
pa  the  government  to  begin  opening  space  to  business  opportunities,  (iraig  Fuller  was  a White  House 
stafi  member  for  the  Cabinet  Council  on  Commerce  and  Trade  who  had  a particular  interest  in  space 
co  m merci  alization . 
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April  10,  1984 

Memorandum  for  the  Cabinet  Council 
on  Commerce  and  Trade 

FROM:  Craig  U.  Fuller  [hand-initialed:  “CLF"| 

SUBJECT:  Commercial  Space  Initiatives 

The  President  and  Congress  have  expressed  strong  support  of  expanding  private  sec- 
tor involvement  in  space.  The  success  of  recent  shuttle  flights  has  stimulated  interest  in 
possibilities  of  profitable  free-enterprise  businesses  in  space.  The  attached  set  of  issue 
papers  were  developed  by  a diverse  group  of  business  leaders  who  met  with  the  President 
last  summer.  The  issue  papers  deal  with  initiatives  that  the  Nation  might  take  to  help  stim- 
ulate commercial  space  endeavors.  With  the  Government  as  a partner,  private  scctoi 
enterprise  can  help  turn  space  into  an  arena  of  immense  benefits  for  our  Nation. 

In  light  of  the  President  s desire  to  encourage  such  private  investment  in  space,  I 
would  appreciate  your  having  your  staff  review  the  attached  issue  papers.  Please  appoint 
a representative  to  serve  on  a Cabinet  Council  for  Commerce  and  Trade  Working  Group 
that  will  be  responsible  for  assuring  appropriate  coverage  of  critical  age  ncy  concerns. 
NASA  will  chair  the  working  group  to  discuss  agency  comments. 

Please  provide  initial  comments  by  c.o.b.,  April  16lh. 

cc:  Members  of  SIG/Space 

ijs  4=  * =?'  sts  # -\z  * # 

(this  page  and  the  following  pages  are  rubber  stamped  “DRAf  I ] 

Private  Enterprise  in  Space — An  Industry  View 

The  following  analyses  of  potential  commercial  initiatives  were  drawn  by  a 
15-member  Commercial  Spare  Croup  made  up  of  representatives  from  diverse  pri- 
vate sector  firms.  They  examined  opportunities  in  and  impediments  to  the  com- 
mercial use  of  spac  e*.  . . . 

[iv]  INTRODUCTION 

Historians  may  look  at  the  1980's  as  the  beginning  of  an  industrial  revolution  in  space. 
They  may  pinpoint  these  years  as  the  period  in  which  U.S.  business  and  Government 
joined  in  partnership  to  set  up  shop  in  orbit.  The  industrial  move  spaceward  may  presage 
a new  economic  and  social  expansion  as  well  as  a reemphasis  of  the  United  Stales  tech- 
nological leadership. 

Private  undertakings  in  space  promise*  the*  same*  rewards  for  our  national  welfaie 
which  free  enterprise  has  historically  bestowed  on  our  people— jobs,  higher  living  stan- 
dards, new  outlets  for  innovation  and  imagination,  additional  stimulation  of  technical 
education  and  new  possibilities  for  investments  and  profits.  It  also  can  be  expec  ted  to 
enhance  our  balanc  e of  payments  and  our  national  security  and  prestige. 

Nine  spectacularly  successful  flights  by  NASA's  two  Shuttles  have*  shown  that  our 
nation  is  on  the  verge  of  a space  transportation  system  suf  ficiently  dependable  to  support 
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spare  industries.  Facilities  for  permanent  manned  operations  in  orbit  ait*  becoming  fea- 
sible. For  the  first  time  it  could  become  possible  to  assure  industry  of  routine  access  to 
orbit  and  a suitable  place  to  work  once  there. 

Though  the  technology  is  ripe,  manmade  barriers  block  or  slow  private  sector 
entrance  to  space.  Laws  and  regulations  enacted  long  before  private  investments  in  space 
were  envisioned  still  govern  commercial  space  operations.  Onerous  tax  and  tariff  laws  and 
regulations  and  outdated  or  inappropriate  administrative  mechanisms  are  discouraging 
even  some  of  the  staunchest  advocates  of  investment  in  commercial  space  endeavors. 

To  these  artificial  handicaps  must  be  added  the  natural  high  risks  and  costs  inherent 
in  spate  operations.  Kxpenditures  for  building  and  launching  research  and  manufactur- 
ing equipment  for  use  in  spate  can  require  investments  from  10  to  more  than  100  times 
as  lar  ge  as  for  comparable  facilities  on  the  Fai  th.  The  danger  of  loss  is  many  times  greater 
in  space.  I he  possibilities  of  quick  profit  are  low. 

Yet,  tilt*  ultimate  social,  economic  and  technological  benefits  for  our  nation  and  indi- 
vidual citizens  justify  the  risks.  Privately  owned  and  operated,  highly  profitable  communi- 
cations satellites  an*  already  demonstrating  that  free  enterprise  in  space  works  well. 

Prolonged  near-weightlessness  and  other  unique  attributes  of  spare  may  make  possi- 
ble the  manufacture  of  unprecedented  products:  medical  preparations  for  fighting  some 
of  our  most  widespread  diseases;  alloys  stronger  yet  lighter  than  any  presently  known;  elec- 
tronic components  for  fasten'  and  smarter  computers  and  better  electronic  machines  than 
are*  now  available,  and  systems  for  almost  universal  information  availability  to  increase  the 
diffusion  of  knowledge. 

[ v | Domestic  and  international  marke  ts  for  space-based  products  and  se  rvices  are  esti- 
mated to  be*  immense  and  they  may  grow  geometrically.  Understandably,  competitors 
abroad  are*  experimenting  in  all  of  these  fields.  Foreign  subsidies  are  often  large  and 
extend  beyond  research  and  development  into  production  and  marketing. 

The*  accompanying  20  issue*  papers,  in  six  categories,  discuss  each  of  the*  major  prob- 
lems connected  with  the  commercialization  of  space: 

National  Commercial  Space*  Policy.  Because  commercial  developments  in  space  often 
re*quire*  many  years  to  reach  the  production  phase,  entrepreneurs  need  assurance's  of 
consistent  Government  actions  and  policies  over  long  periods. 

Feonomic  Incentive's.  Laws  and  regulations  which  discriminate  against  commercial 
space  ventures  need  to  he*  changed  or  eliminated. 

Fxpanded  Government  Research.  In  partnership  with  industry  and  academia,  NASA 
needs  to  expand  basic  and  applied  research  and  improve  dissemination  of  research 
re  sults  which  may  have  implications  for  investors  aiming  to  develop  marketable  prod- 
ucts and  service's. 

Role*  of  Federal  Agencies.  Responsibilities  of  IJ.S.  Government.  Agencies  relating  to 
commercial  space  activities  need  to  be  firmly  assigned  and  clearly  defined. 

Legal  and  Regulatory  Batriers.  Laws  and  regulations  predating  space*  operations  need 
to  be*  updated  to  ac  commodate  space  commercialization. 

National  Security  Issues.  Gaining  access  to  Government-owned  technical  information 
and  assuring  fair  international  competition  are  among  major  cone  e*rns  of  prospective 
investors  in  space  endeavors. 
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The  entrance  of  free  enterprise  into  space  for  commercial  activities  conforms  with 
national  traditions.  Private  initiative  has  been  the  foundation  of  our  nation’s  development 
and  progress  from  its  beginning.  Even  during  the  earliest  explorations  of  the  North 
American  continent,  explorers  and  pioneers  were  followed  by  traders  and  craftsmen  who 
came  to  serve  new  settlements.  Now,  industrial  entrepreneurs  are  following  our  astronauts 
into  the  new  realms. 

Commercial  expertise  will  perhaps  do  for  space  what  the  earliest  American  settlers  did 
for  our  continent.  They  turned  forbidding  regions  into  prosperous  and  hospitable  inhab- 
ited areas. 

Commercialization  will  also  perhaps  do  for  space  what  Charles  Lindbergh  did  for  avi- 
ation. It  will  show  that  space  is  a vital  arena  for  commercial  and  industrial  activities.  Outer 
space  is  perhaps  the  21st-century  equivalent  of  a new  continent  waiting  to  share  its  wealth. 
The  partnership  required  for  these  undertakings  by  the  Government,  industry,  ac  ademia 
and  other  sectors  in  our  society  can  only  strengthen  our  nation.  Space  commercialization 
is  perhaps  as  much  our  nation's  manifest  destiny  as  was  the*  taming  of  lands  earlier  in  our 
history.  . . . 


Document  111-20 

Document  title:  “Feasibility  Study  of  Commercial  Space  Manufacturing,  Phase  II  Final 
Report,”  Volume  I:  Executive  Summary,  MDC  El 625,  McDonnell  Douglas  Astronautics 
Company,  East  St.  Louis,  Missouri,  January  15,  1977,  pp.  1-2,  8-20. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  is  one  of  a series  of  studies  that  were  done  for  the  Marshall  Space  night  C enter  in  the  late  1970s . 
Initial  NASA  funding  of  industry  to  look  at  manufacturing  goods  in  space  led  to  farther  IxCffl)  fry 
companies  and  to  experiments  on  the  Space  Shuttle. 


15  January  1977 


Feasibility  Study  of 
Commercial  Space  Manufacturing 

Phase  II 
Final  Report 

Volume  I 

Executive  Summary 

( 1 1 SPACE  MANI  FAC TURING 

1.0  INTRODUCTION 

[originally  set  in  two  newspaper-style  columns]  Space  processing  experiments  ton- 
ducted  during  the  Skylab  and  ASTP  [ Apollo-Soyuz  Lest  Project]  missions  have  shown  that 
the  space  environment  has  some  unique  e fleets  on  materials  processing.  It  is  potentially 
possible  to  translate  these  effects  into  tangible  benefits  such  as  commercial  products  pro- 
duced in  space.  To  fully  develop  this  potential,  however,  requires  industry  participation  to 
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guide,  direct  and  implement  spat  e manufacturing  operations.  The  purpose  of  this  study 
was  to  examine  the  feasibility  of  establishing  commercial  space  manufac  turing  operations, 
and  thus  assess  the  potential  participation  of  commercial  industry.  This  study  analysis  was 
divided  into  two  phases.  Phase  I assessed  the  technical  feasibility  along  with  a preliminary 
economic  evaluation;  Phase  II  assessed  the  commercial  and  business  aspects  of  imple- 
menting commercial  space  manufacturing. 

The  approach  taken  was  to  use  a model  product  to  assess  the  technical  and  economic 
feasibility  of  commercial  space  manufacturing.  The  principal  data  to  aid  the  selection  of  a 
mode  l product  were  the  experimental  results  of  space  processing  experiments  on  Skylah. 
Some  of  the  most  promising  experimental  results  were  in  the  area  of  crystal  growth,  such 
as  uniform  distribution  of  dopant  elements(l)  and  crystal  facets  which  were  flat  within  a 
few  hundred  Angstroms(2).  Be  cause'  of  these  potential  improvements,  crystal  processing 
was  selected  for  further  investigation.  Since  the  most  widely  used  crystal  material  is  semi- 
conductor silicon,  and  technical  and  economic  data  were  available*  as  a basis  for  study,  it 
was  selected  as  our  candidate  material.  One  economic  consideration  that  led  to  silicon 
selection  as  a model  product  was  that  new  products  have*  a belter  chance  of  success  if  they 
are  entering  existing,  growing  liiarkels(H)  and  silicon  was  found  to  be*  in  a growing  market. 

With  the*  se  le  ction  of  a model  product  for  analysis,  the  following  steps  were  found  to 
be  necessary  in  formulating  an  implementation  plan  for  a space-manufactured  product: 


• Market  analysis  for  system  sizing  ) 

• Technical  evaluation  and  plant  design  ) 

• Product  value  assessment  relative  to  earth  product  ) 

• Financial  analysis  for  commercial  operations  | 

• Risk  assessment  I 

• Adjust  financial  returns  for  risk  ) 

• Organizational  evaluation  ) 


Phase  l 
Phase  1 
Phase  I 
Phase  II 
Phase  II 
Phase  II 
Phase  II 


A nominal  market  analysis  was  completed  during  the  Phase  I study  and  is  updated  for 
this  Phase  II  analysis.  Evaluation  of  the  first  three  steps  were  reported  in  detail  in  the 
Phase  I final  report  and  will  only  be*  summarized  here  for  background  information. 


2.0  MARKET  ANALYSIS 


In  order  to  determine  how  the  value  and  market  for  space  produced  silicon  could 
best  be  developed,  an  analysis  of  the  semiconductor  market  was  undertaken  to  both 
understand  and  identify  market  characteristics.  These  characteristics  included  type  and 
extent  of  market  segmentation,  trends,  product  life  cycle,  and  competition. 

The  market  analysis  results  are  illustrated  by  the  projected  world  market  for  semi- 
conductor devic  es  as  shown  in  Figure  1.  This  market  is  composed  of  discrete  devices  and 
integrated  circuits,  is  currently  about  $5B,  and  is  growing  at  an  annual  rate  of  1 1 %.  Single 
crystal  silicon  for  use  in  integrated  circuits  requires  extremely  high  quality  material  in 
terms  of  purity  and  structure*.  The  damaging  effect  of  defects  increases  with  circuit  size 
and  is  greatest  for  large  scale  integrated  circuits  (LSI).  These  LSI  would  be  a candidate 
application  for  spac  e*  processed  silicon  if  the  promising  experimental  results  could  be  real- 
ized in  a deve  loped  process. 

Crystal  manufacturers  estimate  silicon  material  sales  to  be  about  8%  of  device  sales; 
therefore,  materials  sales  [original  placement  of  Figure  lj  for  LSI,  the  fastest  growing 
market  segment,  is  projected  to  be*  about  $0.()4B  annually  by  1985.  Ien  percent  of  the  LSI 
segment  of  the  1985  market  was  set  as  a goal.  Since  there  are  approximately  10  companies 
c urrently  producing  single*  c rystal  silicon,  and  the  market  is  growing  at  an  1 \ % rate,  this 
10%  market  capture  was  felt  to  be*  a reasonable,  conservative  objec  tive*.  This  10%  market 
set  our  initial  production  rate  which  was  used  to  size  the*  overall  production  system.  . . . 
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Pigure  l . Project  world  semiconductor  market 


[8]  5.0  FINANCIAL  ANALYSIS 

The  ten  plant  economic  analysis  baseline  was  selec  ted  on  the  basis  of  satisfying  10% 
of  the  1085  LSI  silicon  substrate  market.  The  estimated  1985  Earth  manufactured  silicon 
sales  for  LSI  of  $0.64 B shown  in  Figure  1 would  correspond  to  an  annual  produc  tion  of 
0.47M  kg  ol  wafers  at  $1360  per  kg,  equivalent  in  kg  to  the  output  of  200  space  manufac- 
turing plants.  Because  of  increased  processing  yield,  however,  only  110  plants  would  be 
required  for  the  same  number  of  integrated  c ircuits  with  eac  h plant  satisfying  about  1 % 
of  the  1985  LSI  material  market. 

To  illustrate  the  potential  economic  feasibility  of  the  space  manufacture1  of  silicon  rife 
bon,  the  allowable  cost  of  $7560/kg  is  compared  with  the*  manufacturing  cost  of 
$2930/kg.  This  comparison  results  in  a positive  economic  benefit  of  $4630/kg.  In  Figure 
1 1 all  the  costs  and  sales  for  the  three  years  of  design,  development,  test,  engineering,  and 
fabrication,  tlu*  five*  years  of  production,  and  one*  year  of  run  out  arc*  included  ovct  the* 
five  year  production  period  for  a ten  plant  operation. 

Figure*  1 1 illustrates  the*  distribution  of  all  the  cal- 
culated cost  elements  for  space  manufacturing  and 
the  resultant  earnings.  Flu*  pretax  earnings  are  51% 
of  salt's.  The  costs  include  launch  (Shuttle  user 
charge  $21  M/launch),  depreciation,  selling  and 
administrative  cost  at  15%  of  sales,  the  shared-launc  h 
revisit  charge  of  $840/kg,  and  raw  material  cost  of 
$70/kg.  If  production  continues  after  the  fifth  year 
when  all  the  launch  and  de  preciation  costs  are 
expensed,  the  pre-tax  earnings  for  subsequent  years 
would  be  7 1 % of  sales. 

While  it  is  important  that  the  potential  value  of 
silicon  ribbon  manufactured  in  space  is  about  two 
and  one  half  (2-1/2)  times  the  space  manufacturing 
cost  for  a ten  plant  operation,  space  [original  place- 
ment of  Figure  1 1 ] manufac  turing  must  also  be  eval- 
uated in  terms  of  the  capital  investment  and  risks 
involved.  Capital  investment  decisions  must  take*  into 
account  the*  time*  value*  of  money;  that  is,  a dollar 
spent  on  plant  today  is  worth  more  than  the*  promise 


f igure  l L Pretax  earnings  ( 1 0 plants,  5 years) 
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of  a dollar  of  profit  from  future  operations.  This  is  accomplished  by  discounting  the 
future  expenditures  and  receipts  (cash  flows)  at  a constant  annual  rate.  If  the  sum  of  all 
the  discounted  cash  flows  for  a project  equals  zero,  then  this  rate  is  defined  as  the  rate  of 
Return  on  Investment  (ROI)  or  Internal  Rate  of  Return  (IRR).  This  rate  is  analogous  to 
an  annual  after-tax  interest  rate*  on  the  dollars  at  risk.  The  cash  flows  for  a 10  plant  oper- 
ation are  shown  in  Figure  12.  The  shaded  areas  represent  the  present  values  of  the  cash 
flows  discounted  at  [9]  [original  placement  of  Figure  12]  the  rate  of  return  on  invest- 
ment. Fhe  negative  cash  flows  during  the  first  three  years  represent  the*  investment  for 
plant  construction.  As  shown,  the  ROI  is  29.5%,  which  for  an  effective  corporate  tax  rate 
of  18%,  is  analogous  to  a pretax  return  of  57%. 


f'tgu re  12.  It) plant  rash  flow 


In  a sensitivity  analysis  of  rate  of  return  on  investment  the  number  of  plants,  plant  first 
unit  cost,  and  integrated  circuit  processing  yield  (ribbon  value)  were  found  to  be  the 
major  cost  drivers,  while  Shuttle  transportation  cost  was  found  to  have  a more  moderate 
ef  fect.  The  variation  of  return  on  investment  with  the  total  number  of  plants  deployed  is 
shown  in  Figure  1 5.  Return  on  investment  for  one  plant  is  relatively  low,  because  the 
design,  development,  test  and  engineering  (DDT&E)  costs  are  approximately  equal  to  the 
plant  cost  or  $lf>M.  As  the  number  of  plants  increases,  the  DDT&F  costs  are  spaced  over 
more  plants  and  the  plant  unit  cost  is  decreased  by  a 91%  learning  curve,  thus  increasing 
return  on  investment.  The  return  on  investment  for  the  selected  10  plant  baseline  (5%  of 
1985  market)  is  calculated  as  29.5%.  The  number  of  plants  also  has  an  ef  fect  on  the  pay- 
back period  or  time  required  for  the  manufacturer  to  get  his  investment  [original  place- 
ment of  Figure  13]  back  as  shown  in  Figure  14.  This  Figure  shows  cumulative  cash  flows, 
with  the  low  points  reflecting  the  maximum  cash  investment,  the  crossover  points,  the  pay- 
back periods,  and  the  end  points  the  total  after  tax  earnings.  For  the  baselined  10  plants, 
the  maximum  investment  is  $120M,  the  payback  period  is  5.3  years,  and  the  total  net  earn- 
ings are  S248M. 
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J ibuti'  !5  Plant  mst  srn\itivH\  (W  jtlants ) 

The  sensitivity  of  rate  of  return  on  investment  to  integrated  circuit  processing  yield 
improvement  is  shown  in  Figure  If).  As  noted  earlier,  the  integrated  circuit  processing  cost 
savings  determine  its  allowable  cost  premium  overground  processed  material.  Tin1  impor- 
tance of  this  parameter  prompted  an  independent  assessment  of  yield  improvement  f rom 
the  Integrated  Circuit  Engineering  Corporation  (ICE),  a consulting  hi  m to  the  industry. 
For  a composite  market,  with  a ratio  of  MOS  device  sale's  to  bipolar  device  sales  of  3 to  1, 
the  processing  yield  for  .38  cm  x .38  cm  baseline  chips  using  space  processed  material  is 
expected  to  increase  from  14%  for  ground  material  to  25%  for  space  manufactured  rit>- 
bon.  It  should  be  noted  that  a yield  increase  of  only  5%  would  result  in  a rate  of  return 
on  investment  comparable  to  current  industry  operations. 

| Figure  lb  originally  placed  herel 

(11|  The  sensitivity  of  return  on  investment  to  Shuttle  user  charge  is  shown  in  Figure  17. 
I lu*  estimated  Shuttle  user  charge  of  $21M  per  launch  amounts  to  a cost  of  about 
$8  40  per  kg.  This  cost  is  a significant  portion  of  the  silicon  ribbon  manufacturing  cost  per 
kg,  so  return  on  investment  decreases  rapidly  with  increased  Shuttle  user  charge. 

[Figure  17  originally  placed  here] 

[12|  b.O  RISK  ASSESSMENT 

To  compare  the  29.5%  rate  of  return  on  investment  for  ten  plants  with  a typical  indus- 
try return  on  investment  of  1 0%  requires  that  it  be  adjusted  for  risk.  In  industry  this  is  usu- 
ally done  by  requiring  a higher  expected  rate  of  return  on  investment  for  new  projects 
than  that  resulting  from  current  operations.  In  our  survey  of  four  crystal  manufacturers 
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(hr  desired  average  expected  return  on  investment  was  20.8%,  or  a risk  premium  of  about 
11%  over  current  operations.  The  29.5%  projected  return  on  investment  for  silicon  ril>- 
bon  manufacturing  exceeds  this  criterion  by  a substantial  margin. 

Another  more  comprehensive  method  of  risk  analysis  is  to  evaluate  risk  as  a function 
of  time  and  then  risk-adjust  the  cash  flows  for  use  in  calculating  a risk  adjusted  rate  of 
return.  To  do  this,  first  the  technical,  legal,  and  market  risks  associated  with  the  commer- 
cial space  manufacturing  of  silicon  ribbon  are  evaluated. 

Evaluation  of  technical  risk  required  definition  of  the  research  and  development 
activities  for  the  silicon  ribbon  process  and  process  apparatus.  The  research  and  develop- 
ment required  was  divided  into  three  phases,  ground  and  sounding  rocket  research  and 
development,  Shuttle  sortie  development,  and  pilot  plant  demonstration.  A proposed 
timetable  for  these  activities  is  shown  in  Figure  18.  The  approximate  cost  of  these  activi- 
ties is  $8(iM,  not  including  launch  costs.  For  the  purpose*  of  risk  analysis,  three  objectives 
were  identified  as  being  nec  essary  to  the  technical  impleme  ntation  of  space  manufactur- 
ing; basic  process  developme  nt,  manufacturing  plant  developme  nt,  and  mission  opera- 
tions. These  obje  ctives  were  divided  into  thirty-six  technical  risk  elements  in  thre  e le  vels 
of  detail  similar  to  a work  breakdown  structure.  These  elements  were  them  classified  as 
(I)  proven  space  technology,  (2)  existing  knowledge  requiring  development  for  space 
application,  and  (8)  new  technology  requiring  research.  The  applic  able  range  of  proba- 
bility of  success  for  these  categories  is:  (1)  greater  than  0.99,  (2)  more  than  0.95  but  less 
than  0.99,  and  (8)  less  than  0.95,  respec  tively.  A subjective  evaluation  was  made  of  where 
tlu*  risk  for  each  element  fell  within  the  applicable  range.  The  results  of  this  analysis  are 
shown  in  Figure  19.  The  probability  of  technical  success  increase's  with  time  from  0.22 
today,  to  0.48  at  the  completion  of  ground  and  sounding  rocket  research  and  develop- 
ment in  1 98 1 , to  0.09  at  the  completion  of  Shuttle  sortie  process  demonstration,  and  final- 
ly to  0.95  at  the  completion  of  a pilot  plant  demonstration  in  1985. 
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Three  areas  of  concern  were  addressed  in  evaluating  legal  risk:  patents,  trade  secrets 
and  liabilities.  These  concerns  were  evaluated  with  respect  to  U.S.  and  international  law 
as  illustrated  by  Figure  20.  The  recommendations  indicate  [13]  [original  placement  of 
Figure  19]  [original  placement  of  Figure  20]  [ 14]  that  there  are  no  insurmountable  legal 
problems.  Based  on  this  evaluation,  a subjective  estimate  was  made  of  the  probability  of 
completion  of  the  manufacturing  program  through  1990  without  losses  caused  by  legal 
problems  (today).  This  probability  of  success  was  estimated  as  three  chances  in  four.  The 
amount  of  risk  is  a function  ol  time[;]  thus  it  decreases  to  zero  as  the  1990  completion 
date  is  approached.  Early  concentration  on  problem  areas  is  expected  to  substantially 
reduce  the  risk  to  about  10%  by  the  start  of  sortie  missions. 


l igH/r  19.  fWhuiatl  risk  <t ssessmmi 

Three  areas  of  concern  were  evaluated  to  determine  market  risk.  The  first  was  that  sil- 
icon might  be  replaced  by  another  material,  the  second  was  that  even  if  the  projected  mar- 
ket for  high  quality  silicon  existed,  a competitive  ground  based  process  might  be 
developed,  and  the  third  was  that  the  space  material  might  not  command  a premium 
price  and  thus  not  be  price  competitive. 

Analysis  of  competitive  materials  failed  to  identify  a material  which  would  supplant  sil- 
icon as  the  base  substrate  material  for  all  LSI  technologies.  However,  the  risk  was  adjust- 
ed to  account  for  potential  competitive  impact  of  siheon-on-sapphire  (SOS)  on  the 
metal-oxide-semiconductor  (MOS)  LSI  market  segment.  In  terms  of  competitive  process- 
es, some  ribbon  processes  are  being  developed  as  part  of  the  government  sponsored  solar 
cell  research  program.  These  processes  are  directed  towards  the  development  of  low-cost 
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terrestrial  solar  rolls  (or  which  ilu*  quality  requirements  are  not  as  high  as  for  integrated 
circuits.  Although  tin*  projected  material  characteristics  of  solar  cell  silicon  are  not  accept- 
able for  integrated  circuits,  process  improvements  and  new  developments  may  occur  at 
any  time.  Thus,  a significant  adjustment  in  market  risk  was  made  to  account  for  the  impact 
of  ground  processes  competing  for  the  same  market  segment. 

Essential  to  the  financial  success  of  the  space  manufacturing  venture  is  the  ability  to 
charge  a price  which  provides  sufficient  revenue  for  an  adequate  return  on  investment, 
for  space-produced  silicon  this  involves  the  establishment  of  a price  higher  than  its  mate- 
rial cost  and  at  a level  equivalent  to  the  value  of  processing  yield  improvement  benefits. 

An  assessment  of  the  cost  trends  of  LSI  devices  identified  that  as  devic  e si/e  increas- 
e's, costs  increase  substantially.  1 his  is  evidenced  by  the  sharply  higher  cost  for  recently 
marketed  devices  such  as  a microprocessor  as  compared  to  the  cost  of  a relatively  simple 
baseline  .38  cm  x .38  t in  calc  ulator  chip.  Of  greater  significance  is  the  increasing  depen- 
dence upon  processing  yields  to  make  ever  larger  LSI  devices  economically  competitive. 
For  future  products  such  as  computers-on-a-single  chip  and  64K  Random  Access 
Memories  (RAMs),  increased  yields  are  critically  important. 

It  is  highly  probable  that,  as  compared  to  value  of  the  yield  improvement  benefits  of 
the  relatively  small  baseline  calculator  chip,  a much  higher  value  will  be  associated  with 
the  use  of  spac  e-produced  silicon  for  these  larger  sized  f uture  products.  Thus,  a premium 
price  can  probably  be  charged  to  differentiate  the  space-produced  silicon  from  ground- 
made  material  which  cannot  produce  similar  yield  improvement  values. 

Based  on  these  considerations,  today’s  probability  of  market  success  was  subjectively 
determined  to  be  four  chances  in  ten.  This  market  risk  is  expressed  as  today’s  probability 
that  spac  e-produced  silicon  ribbon  will  capture  10%  of  the  projected  1985  LSI  material 
market.  It  is  determined  by  multiplying  the  probabilities  for  each  market  risk  factor 
together  at  each  of  the  four  major  milestones  prior  to  project  completion.  This  is  depic  t- 
ed in  Figure  21  where  the  early  [15]  1977  risk  evaluation  is  established  at  0.38,  and 
increases  to  1.0  in  1990  at  program  completion  when  all  market  func  tions  are  complete 
and  known. 
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Year 


Figure  21.  Space  manufacturing  implementation  risk 


[ 1 6]  7.0  RISK  ADJUSTED  FINANCIAL  RETURN 

The  combined  probability  of  successful  implementation  of  the  space  manufacture  of 
silicon  ribbon  is  the  product  of  the  technical,  legal,  and  market  success  probabilities  given 
in  Figure  21.  The  cash  flows  were  adjusted  for  risk  by  considering  each  year  as  a fork  of  a 
decision  tree.  The  value  associated  with  continuing  the  project  for  a year  is  the  cash  flow 
for  that  year  and  the  value  associated  with  failure  is  zero.  Risk  adjusted  cash  flows  are  the 
product  of  the  year’s  cash  flow  and  the  series  probability  of  continuing  the  project 
through  that  year.  Using  these  cash  flows,  risk  adjusted  returns  on  investment  were  calcu- 
lated for  the  years  of  the  commercial  design,  plant  fabrication,  and  production, 
1982-1990.  The  resulting  risk  adjusted  rate  of  return  on  investment  versus  time  is  shown 
in  Figure  22.  While  the  expected  rale  of  return  after  the  five  years  of  production  in  1990 
is  29.5%,  the  risk  adjusted  rate  of  return  when  the  private  sector  would  first  commit  to 
development  in  1982  is  14%.  This  is  greater  than  the  rate  of  return  for  continuing  ground 
based  operations  and  could  justify  initiation  of  commercial  development  at  that  time.  It 
should  be  realized  that  this  favorable  risk  adjusted  return  on  investment  assumed  gov- 
ernment sponsored  research  and  development  through  the  pilot  plant  demonstration  in 
1984.  If  industry  assumed  these  risks  and  cost,  the  risk  adjusted  rate  of  return  today  would 
be  4%,  and  because  the  4%  is  less  than  the  10%  typical  return  on  investment  for  earth 
based  operations,  industry  would  probably  not  invest.  This  means  that  the  government 
will  most  likely  have  to  [original  placement  of  Figure  22J  sponsor  the  process  research 
and  development  for  space  manufacturing  to  become  a reality. 

For  the  government  to  participate  in  any  activity  it  is  necessary  that  it  be  in  the  pub- 
lic interest.  In  general,  advancing  technology  is  considered  to  fall  in  this  category  because 
of  the  impetus  it  provides  for  continued  economic  growth.  An  example  of  government 
sponsorship  of  commercially  applicable  technology  is  NASA’s  work  in  satellite  communi- 
cation. Although  Tel  star  in  1962  was  advertised  as  a $50  \1  investment  by  a commercial 
firm,  AT&T,  the  government  had  already  spent  approximately  ten  times  that  amount  to 
develop  and  demonstrate  the  potential  of  space  communications.  This  technology  was 
later  applied  by  the  Congressionally  chartered  Communications  Satellite  Corporation 
(COMSAT)  in  implementing  improved  international  communications. 
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[ 1 7 1 8.0  ORGANIZATIONAL  EVALUATION 

A COMSAT  type  congressional!)'  chartered  corporation  was  considered  as  a possible 
organizational  arrangement  for  implementing  commercial  space  manufacturing,  and 
compared  to  a joint  venture  and  existing  separate  company(s).  While  the  financing  of  a 
Congressional ly  chartered  corporation  is  aided  by  its  special  charter,  and  it  or  a joint  ven- 
ture would  tend  to  spread  the  risk,  existing  separate  companies  were  chosen,  because  of 
the  tax  advantage  of  being  able  to  expense  the  cost  of  the  required  research  and  develop- 
ment against  profits  from  operations  as  it  is  incurred.  In  the  chosen  arrangement,  an  aero- 
space company  would  design  and  fabricate  plants  for  sale  t.o  electronics  companies  for  the 
manufacture  of  silicon  ribbon.  Implementing  space  manufacturing  through  existing  sep- 
arate companies  has  the  additional  advantage  that  Congressional  interest  and  oversight  is 
not  required  as  in  the  case  of  COMSAT,  and  possible  antitrust  action  is  avoided  that  could 
result  f rom  the  formation  of  a joint  venture  including  major  industry  producers. 

[IS]  9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

The  following  conclusions  can  be  drawn  about  the  implementation  of  space  manu- 
facturing: 

• A method  of  assessing  the  feasibility  of  space  manufacturing  has  been  formulated  to 
evaluate  the  associated  technical,  economic  and  risk  factors. 

• Product  manufacturing  in  space  appears  to  be  feasible,  but  other  product  analyses 
and  supporting  research  are  necessary  to  verify  assumptions. 

• The  cost  of  space  material  in  comparison  with  earth  material  is  not  necessarily  a valid 
comparison.  The  value-added  from  material  improvements  must  be  computed  and 
assessed  to  evaluate  economic  feasibility. 

• Ribbon  manufacturing  in  space  appears  to  be  technically  and  economically  feasible, 
but  private  initiative  may  be  blocked  by  the  long  term,  high  risk  development  pro- 
gram required. 

• The  government  should  sponsor  space  processing  research  and  [original  placement 
of  Figure  23|  development  in  the  interest  of  promoting  future  economic  benefits  to 
the  U S. 
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Recommendations — The  recommendations,  in  the  form  of  an  implementation  plan 
for  the  commercial  space  manufacturing  of  silicon  ribbon,  recognize  the  need  for  NASA 
sponsorship  along  with  the  need  to  get  commercial  industry  involved.  Without  early 
involvement,  industry  will  not  have  a data  base  for  tlu4  subsequent  commercial  operations 
investment  decision.  Specific  recommendations,  supported  by  the  results  of  a crystal  man- 
ufacturer’s survey  conducted  as  part  of  the  NASA  study,  are  given  in  Figure  23.  The  me  s- 
sage is  that  the  government  should  sponsor  space  processing  activities  through  pilot  plant 
demonstrations,  to  decrease  the  implementation  risk  to  a level  commensurate  with  private 
venture  capital  commitment.  The  government  in  selecting  processes  for  developme  nt  can 
both  stimulate  economic  growth  and  find  solutions  to  problems  of  national  concern  such 
as  the  possible  application  of  silicon  ribbon  in  manufacturing  solar  cells  for  a solar  power 
station.  Without  [19]  this  sponsorship  it  is  possible  that  the  potential  economic  benefits 
of  space  manufacturing  may  not  be  fully  realized. 

The  milestone  sc  hedule  shown  in  Figure  24  identifies  the  major  ac  tivities  necessary  to 
the  implementation  of  space  manufacturing  of  silicon  ribbon.  Included  is  a recommen- 
dation for  sponsorship  of  the  activity  and  identification  of  the  group  or  organization  that 
should  take  the  initiative  for  any  action.  Immediate  action  toward  technic  al  development 
is  necessary  if  space  manufacturing  is  to  become4  a reality  by  the  19<35  target. 
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f igntr  21,  Milestone  sclu‘dult‘ 


Document  111-21 

Document  title:  “Space  Industrialization:  Final  Report,”  Volume  1.  Executive  Summary, 
SD  78-AP-0055-1,  Rockwell  International  Space  Division,  Contract  NAS8-32198,  April  14, 
1978,  pp.  1-8. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

By  the  late  1970s,  with  the  first  launch  of  the  Space  Shuttle  approaching,  and  with  plans  beginning 
to  form  for  building  a space  station  and/or  target  platforms  in  space , NASA  took  particular  interest 
in  having  industry  study  the  possible  uses  of  space  for  profit-making  activities.  This  represented  the 
first  steps  in  thinking  about  the  commercialization  of  space  activities  in  areas  other  than  satellite 
telecommunications.  These  “roadmaps”  for  the  industrialization  of  space  included  economic  analyses. 
Unlike  the  earlier  benefit-cost  projections , these  futuristic  looks  emphasized  more  traditional  business 
tools,  including  rates  of  return  to  investment  and  the  relative  demand  for  goods  and  services  coupled 
with  prices  and  costs.  However,  the  true  value  of  this  and  other  studies  of  the  era  was  the  identifica- 
tion of  space  technologies  with  nonspace  market  demands  that  could  be  met  through  the  use  of  space. 
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Space  Industrialization 
Final  Report 

Volume  1.  Executive  Summary 
April  14,1978 

[ 1 1 INTRODUCTION 

Space  Industrialization  can  he  defined  as  a new  technology  in  which  the  special  envi- 
lonmental  properties  of  outer  space  are  used  for  the  social  and  economic  benefit  of  the 
people  on  earth.  These  special  properties  include  zero-g,  hard  vacuum,  low  vibration, 
wide-angle  view,  and  a complete  isolation  from  earth’s  biosphere.  Design  engineers  have 
always  been  willing  to  go  to  great  lengths  to  obtain  those  specific  environmental  condi- 
tions that  fulfill  their  particular  needs.  For  example,  the  Hale  Observatory  was  construct- 
ed at  the  top  of  Mount  Palomar  so  that  it  would  be  above  a small  portion  of  the*  earth’s 
atmosphere.  Eight  million  pounds  of  steel  and  cement  were  hauled  up  the  side  of  a 
rugged  mountain  to  achieve  air  density  reductions  of  less  than  20  percent.  When  indus- 
trial processes  are  transferred  into  space,  the  environmental  conditions  are  typically  mod- 
ified to  a far  greater  degree.  In  fact,  in-space  pressure  levels  of  one-trillionth  of  an 
atmosphere  are  relatively  easy  to  obtain. 

Because  so  few  experiments  have  been  conducted  in  space,  it  is  extremely  difficult  to 
envision  all  the  benefits  that  might  result  from  extremely  low  pressure  levels  there.  But  if 
the  past  is  a reliable  guide,  pressures  12  orders  of  magnitude  lower  than  those  encoun- 
tered at  sea  level  should  lead  to  previously  unsuspected  benefits.  As  Figure  1 shows,  vacu- 
um levels  ranging  from  10'  to  10 11  atmospheres  have  already  been  used  in  a number  of 
practical  ways.  These  include  food  processing  and  preservation  (including  fieeze-drying 
and  refrigeration),  metal  distillation,  x-ray  devices,  TV  pic  ture  tubes,  thin  film  deposition, 
and  the  manufacture  of  vacuum  diodes  and  solid  state  electronic  devices.  Moreover,  many 
orbiting  satellites  have  already  capitalized  on  the  natural  vacuum  of  outer  space.  For 
example,  when  the  semi-rigidi/ed  Echo  balloon  was  tested  on  the  ground,  more  than 
80,000  pounds  of  inflating  gases  were  required  to  inflate  it.  When  it  was  lofted  into  the 
vacuum  of  outer  space,  only  30  pounds  of  gases  were  needed. 

The  g- levels  and  the  viewing  areas  achievable  in  space  are  also  shown  in  Figure  1.  In 
comparison  with  terrestrial  conditions,  these  parameters  are  improved  approximately  six 
orders  of  magnitude.  Precise  g-level  control  is  important  in  medical  and  chemical  cen- 
trifuges, in  crystal  growth,  electrophoretic  separation,  solidification  and  purification 
processes,  and  in  the  construction  of  extremely  lightweight  orbiting  structures  such  as 
large-scale  solar  arrays  and  multibeam  antennas.  A wide-angle  earth-oriented  view  can  be 
extremely  beneficial  to  meteorology,  cartography,  reconnaissance,  communications,  earth 
sensing,  and  wide-area  navigation — all  of  these  have  already  brought  important  benefits 
to  the  people  on  earth. 

Thus,  it  is  not  hard  to  see  why  the  aerospace  engineer  is  so  keenly  interested  in  the 
beneficial  environmental  properties  of  outer  space.  But  these  properties  can  form  the 
basis  of  a meaningful  Space  Industrialization  program  only  if  they  can  be  exploited  in 
practical  ways.  Businessmen  are  keenly  interested  in  environmental  properties,  but  they 
are  much  more  concerned  with  profit-making  opportunities  to  fill  real  human  needs.  The 
first  task  in  our  18-month  Space  Industrialization  study  was  thus  quite  dear.  To  match  the 
needs  of  humanity  with  the  opportunities  for  filling  these  needs  through  modern  space 
technology. 
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As  they  look  to  the  turn  of  the  century  and  beyond,  many  people  see  increasingly 
bleak  prospects  for  the  future.  The  pressures  of  population  growth  continue,  particularly 
in  the  less-developed  countries.  The  people  in  these  underdeveloped  regions  are  surpris- 
ingly young  with  an  average  age  of  about  15,  and  (hopefully)  they  will  live  to  see  several 
generations  of  offspring.  By  contrast,  in  the  developed  countries  like  our  own,  the  aver- 
age age  is  about  29  and  steadily  increasing.  The  developed  world  has  nearly  reached  that 
magic  time  when  each  couple  replaces  itself  [2]  [original  placement  of  Figure  1]  [3]  with 
only  two  offspring.  Worldwide,  however,  that  is  not  the  case,  and  it  is  not  likely  to  be  in  the 
near  future.  As  Figure  2 shows,  the  overwhelming  majority  of  the  world’s  population  is  in 
the  underdeveloped  countries;  and  within  100  years,  their  fractional  share  of  world  pop- 
ulation will  nearly  double.  Of  course,  their  populations  will  also  increase  in  absolute 
terms.  The  birth  rates  in  many  areas  have  recently  undergone  encouraging  declines,  hut 
so  many  of  the  people  in  the  world  are  below  the  critical  childhearing  ages  that  the  earth 
is  committed  to  supporting  at  least  double,  more  likely  triple,  its  present  population.  Most 
experts  are  convinced  that  the  best  way  to  cut  population  growth  rates  is  to  develop  a 
healthy  worldwide  economy.  Emerging  affluence  has  always  been  accompanied  by  reduc- 
tions in  population  growth  rates. 


f igure  /.  Environmental  Properties  in  Spare 


One  key  to  a healthy  worldwide  economy  is  expanded  trade — especially  trade  that 
results  in  a reasonable  balance  between  imports  and  exports.  The  United  States  and  other 
industrialized  countries  sell  large  quantities  of  goods  to  the  developing  countries,  but 
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today  only  a discouraging  trickle  of  trade  flows  in  the  opposite  direction.  This  negative 
balance  of  trade  endangers  the  economies  of  the  underdeveloped  countries;  it  also 
deprives  us  of  a market  that  could  be  provided  by  the  2 billion  people  living  in  the  under- 
developed regions.  If  United  States  investments  (public  and  private)  in  the  productive  use 
of  space  could  contribute  to  the  economic  growth  and  purchasing  power  of  these  pover- 
ty-stricken areas,  this  could  have  an  important  positive  ef  fect  on  the  economy  of  our  own 
country  and  on  the  rest  of  the  world.  Specifically,  if  we  could  develop  two-way  markets  of 
only  $ 1 7 for  each  world  citizen,  2.7  million  new  American  jobs  would  be  created — enough 
to  reduce  our  unemployment  level  to  4 percent  of  our  work  force.  7’his  would  not  be  a dif- 
ficult level  of  trade  to  attain  if  underdeveloped  regions  could  be  edged  toward  slightly 
higher  socioeconomic  conditions.  In  fact,  as  Figure  3 shows,  it  is  only  20  percent  of  the 
per  capita  trade  we  are  already  achieving  with  West  Germany  and  the  United  Kingdom. 


[4]  [original  placement  of  Figure  3] 

Healthy  worldwide  trade  would  also  help  assure  us  of  uninterrupted  supplies  of  need- 
ed raw  materials.  As  indicated  in  the  bar  charts  of  Figure  4,  we  are  spending  more  than 
$4f>  billion  each  year  for  imported  petroleum  products,  and  we  currently  import  more  than 
50  percent  of  14  important  minerals,  including  platinum,  tungsten,  and  magnesium. 
Without  adequate  exports  to  pay  for  these  crucial  substances,  our  country  would  quickly  slip 
into  a declining  economic  position.  Over  the  long  run,  our  trade  balance  has  been  quite 
favorable;  however,  in  three  of  the  last  five  years,  our  balance  of  payments  has  been  nega- 
tive, and  in  1977  alone,  we  almost  exceeded  the  deficits  of  all  previous  years  combined. 

Because  of  our  high  labor  rates,  high-technology  items  are  essentially  the  only  thing 
we,  as  a country,  can  export  at  competitive  prices.  Manufactured  goods  constitute  about 
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(,1  percent  of  our  exports.  and  agricultural  products  make-  up  anothe  r 1!)  percent. 
I'nlortunatclv,  other  countries  of  the  world  have  recently  been  making  unusually  heavy 
investments  in  researc  h so  that  many  high-tec  hnology  items  that  were  onc  e solid  American 
exports  are  now  becoming  common  imports.  Television  sets,  steel  ingots,  precision  optics, 
and  automobiles  are  a lew  obvious  examples.  Thus,  the  only  way  we  can  maintain  a posi- 
tive balance  of  trade  is  to  inc  rease  worker  productivity  or  to  stay  m the  forefront  of 
advanced  tec  hnology.  As  will  be  shown  in  the  remainder  of  this  report,  spac  e industrial- 
ization offers  us  manv  possibilities  for  exercising  both  of  these  important  options. 

In  1973,  when  the-  OPEC  oil  cartel  successfully  raised  the  price  of  petroleum,  H was 
widely  feared  that  other  fuels  and  minerals  might  also  experience  substantial  price  hikes 
So  far,  however,  this  has  not  occurred.  Prices  have  remained  reasonably  stable  because  ol 
the-  widespread  distribution  of  most  minerals,  the  tacit  threat  of  substitutions  and  tlm 
economies  of  large-scale  mining  operations.  In  many  cases,  however,  the  quality  of  ore  has 
significantly  declined.  In  particular,  the  copper  ores  now  being  mined  are  not  neat  ly  as 
rich  as  they  once  were.  As  Phillip  Morrison  pointed  [5]  [original  placement  ol  figure  4| 
out  in  a rec  ent  Science  American  article,  ‘The  ancient  miners  looked  lor  showy  minerals 
with  a copper  content  of  15  percent.  The  grade  has  steadily  declined;  it  was  8 percent  in 
Kurope  by  the  time  of  the  Renaissance,  and  today  most  copper  is  won  from  low-grade  cues, 
the  l !.S.  average  grade  being  about  0.65  percent.”* ** 


* Agricultural  products  arc.  in  diet  t.  high  technology  items:  our  larmrrs  use-  the  highest  technology 

liinniiitf  methods  in  the  world. 

■**  Sarulifa  Ammrau,  Mint'll  M)7H,  j>.  11. 
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Jigurr  7.  America's  l )ef tendency  on  Oil  and  Minerals 


The  recent  book  The  limits  to  Growth  provides  an  alternate  evaluation  of  the  status  of 
the  world’s  future  mineral  supplies.  Figure  5,  taken  from  this  popularized  book,  indicates 
that  at  least  eight  crucial  minerals  will  be  exhausted  within  the  next  fifty  years  at  the  pre- 
sent rates  of  increased  usage.  The  assumptions  made  in  this  study  on  available  reserves  and 
recovery  technolog)'  have*  been  seriously  challenged,  and  the  projections  are  now  widely 
regarded  by  most  experts  as  needlessly  pessimistic.  For  this  reason  and  others,  the  Rockwell 
analysis  team  does  not  believe  that  these  minerals  will  actually  be  exhausted  in  the  indicat- 
ed time  frames.  When  supplies  begin  to  run  short,  mankind  will  expend  whatever  energy 
and  exploiation  effoi  is  are  required  to  locate  and  obtain  needed  supplies.  Substitutions  will 
also  occur.  Nevertheless,  Figure  5 highlights  a crucial  problem:  Our  known  mineral  reserves 
ate  not  infinite;  large  new  supplies  will  be  needed  by  future  generations. 

Fortunately,  as  is  shown  on  the  right-hand  column  of  the  chart,  many  techniques  are 
available  lot  expanding  our  recoverable  supplies.  These  include  intensified  exploitation, 
the  extraction  of  minerals  from  sea  water,  and  the  exploitation  of  ocean-floor  reserves! 
These  techniques  could  expand  our  mineral  supplies  to  an  essentially  unlimited  extent; 
however,  a careful  study  of  the  list  will  reveal  that  each  available  technique  requires  larg- 
er inputs  of  energy  than  we  are  now  expending.  Thus,  adequate  energy'  supplies  are  again 
a key  to  a prosperous  future  for  the  United  States  and,  indeed,  for  all  mankind.  As  we  shall 
see,  space  technology  can  help  ensure  that  the  needed  energy'  will  be  available  through 
conservation  and  through  the  production  of  abundant  new  supplies. 

[b)  [original  placement  of  Figure  5] 

In  addition  to  their  physical  needs,  human  beings  also  have  psychological  needs. 
These  are  basically  similar  for  people  everywhere.  We  need  to  be  productive  and  feel  use- 
ful (i.e.,  to  have  a job).  We  need  an  acceptable  standard  of  living  that  improves  each  year 
and  a quality  of  life  compatible  with  our  individual  heritage.  We  think  the  United  States 
must  play  the  role  of  leader  in  this  worldwide  enterprise.  T he  key  direction  of  ibis  lead- 
ership should  not  merely  be  good  stewardship  of  what  we  have,  but  the  continued  cre- 
ation of  wealth  for  ourselves  and  for  the  people  throughout  the  rest  of  the  world.  In  the 
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iigure  5.  Potential  Exhaustion  of  Selected  Minerals 


{ac  t*  of  population  growth,  a more  just  and  equitable  distribution  ol  scarcity  is  not  enough. 
For  prolonged  scarcity  makes  the  future  look  bleak  and  disappointing  for  the  average 
world  citizen.  What  is  necessary,  therefore,  is  new  ways  to  create  we  alth — wealth  that  will 
make  the  world  a healthier,  more  stable  place  to  live. 

[ 7]  TI  IF  OPPORTUNITIES  FOR  SPACE  INDUSTRIALIZATION 

During  the  course  of  this  study,  we  attempted  to  look  50  years  into  the  future  and  cor- 
relate real  human  needs  with  space  opportunities.  Our  work  proceeded  down  two  parallel 
paths.  Along  one  path,  we  looked  into  the  future  for  meaningful  trends  in  human  needs; 
and  along  the  other,  we  searched  for  practical  and  economically  viable  space  opportuni- 
ties. In  general,  these  opportunities  can  be  broken  down  into  the1  following  categories: 


Services 

• Information  transmission 

• Data  acquisition 

Products 

• Organic 

• Inorganic 


3.  Energy 

• Conservation 

• New  energy  sourc  es 

4.  Human  activities 

• Space  careers 

• Frontier  for  mankind 


As  we  proceeded  into  the  study,  we  found  that  is  [sicj  was  easier  (and  more  fun)  to 
think  up  new  space  projects  than  it  was  to  reduce  the  list  down  to  a more*  manageable 
numbe  r.  We  used  the  ideas  that  have  been  advanced  by  NASA  (Outlook  for  Space),  Ivan 
Bekey  at  the  Aerospace  Corporation,  and  many  many  others.  We  also  added  many  new 
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ideas  of  our  own.  The  overall  lists  are  presented  in  Fables  1,  2,  and  5.  It  is  not  possible  to 
discuss  each  one  individually  in  any  reasonably  sized  report,  hut  it  is  reassuring  to  observe 
that  the  known  opportunities  are  quite  numerous.  It  is  also  encouraging  that  these  oppor- 
tunities respond  to  the  needs  of  mankind  to  a major  degree.  This  suggests  that  the  space 
program  should  be  considered  as  a mainstream  activity  rather  than  a matter  of  minor 
interest,  benefiting  only  a few  people. 

In  the  next  few  paragraphs,  we  shall  briefly  discuss  one  or  two  opportunities  from 
each  of  the  four  major  categories:  (1)  services,  (2)  products,  (3)  energy,  and  (4)  human 
activities.  Once  this  has  been  done,  an  integrated  plan  will  be  revealed,  showing  what  we 
believe  to  be  the  proper  evolution  for  a relatively  ambitious  but  entirely  realistic  program 
of  Space  Industrialization. 

SERVICES 

In  a very  real  sense,  the  services  area  of  space  industrialization  is  already  a reality.  For 
several  years,  space  platforms  have  been  providing  valuable  communication,  navigation, 
observation,  and  weather  services  for  people  worldwide.  Some  of  these  services  have  been 
earning  comfortable  profits  for  corporate  shareholders.  Today,  communication  satellites 
are  owned  and  operated  by  more  than  a dozen  countries,  and  more  than  100  have  their 
own  Intelsat  ground  terminals.  These  terminals  transmit  messages  and  data  to  and  from 
such  unlikely  places  as  Niger,  Bangladesh,  Cameroon,  and  French  Guiana  [sic]. 

The  utilization  of  satellite  technology  in  these  primitive  locations  is  based  on  simple 
economics.  The  tost  of  the  hardware  necessary  to  handle  a satellite  voice  circuit  (see 
Figure  f>)  has  been  declining  by  a factor  of  100  every  12  years  In  1900,  an  Early  Bird  voice 
circuit  cost  more  than  $20, 000  per  year.  Today  Westar  provides  equivalent  voice  circuits 
for  a little  over  $200.  Moreover,  large-scale  Antenna  Farms  launched  by  the  Space  Shuttle 
may  soon  bring  about  further  important  cost  reductions.  Hardware  investment  costs  as 
low  as  $14  per  circuit-year  seem  entirely  within  the  realm  of  possibility.  With  costs  at  this 
level,  we  will  begin  to  see  numerous  new  applications  of  advanced  communications. 

[8]  Complexity  inversion  ...  is  quietly  fostering  another  revolution  in  our  approach  to 
space*  communications.  Complexity  inversion  refers  to  the  concept  of  putting  large  and 
complicated  hardware  in  space  so  that  the*  units  on  the  ground  can  be  small  and  simple. 

I his  philosophy  contrasts  sharply  with  the*  approach  that  was  adopted  in  tlu*  earlv  davs  of 
the  spac  e program  when  every  effort  was  made  to  keep  the1  space  segment  of  the  system 
small  and  light.  In  order  to  do  this,  the  corresponding  ground  segments  had  to  be  mas- 
sive* and  complex.  For  example,  the*  Telstar  communication  satellite*  weighed  only  150 
pounds.  This  compact  design  held  down  launch  costs  and  simplified  the  satellite*,  but  as  a 
result,  it  could  relay  high-quality  signals  only  between  suc  h massive  ground  installations  as 
the  85-foot  Goldstone  antenna,  which  weighs  (>00,000  pounds.  Numerous  other  examples 
c an  be  found  in  both  civilian  and  military  programs  in  which  huge*  ground  antennas  and 
major  computer  installations  painstakingly  processed  raw  data  to  extract  useful  informa- 
tion from  weak  and  diffuse  signals  radiated  by  small,  compact  satellites. 

Because  of  recent  advances  in  space*  technology  and  improved  transportation  capa- 
bilities, it  is  now  possible*  to  enlarge  the  orbiting  satellites  and,  in  turn,  shrink  the  ground 
user  sets.  In  particular,  modern  electronic  devices  and  multibeam  antennas  allow  the 
space*  segment  to  be  vastly  more  capable  and  complex,  but  still  stay  within  reasonable* 
launch  cost  limitations — especially  considering  tlu*  launch  economics  of  the  Space 
Shuttle. 
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Table  I . Attractive  Opportunities  in  the  Services  Area 


Communications 

I niii >rt nation  Relay 

Direct  I A'  broadcast 
Klcciionic  mail 
Felucation  broadcast 
Rural  I V 

\1ctc<  a illogical  inf  ormal  ion  dissemination 
InUiagcncv  data  exchange 
Flee  tronic  cottage  industries 
World  medical  advic  e-  center 
( a-ntr  ali/c-d  “distributed”  printing  systems 
r.iivirorimental  infoi  matiou  disti  ibiuion 
I imr  and  Imjin-iii  v distribution 
Vi  sona I ( lorn  mimical  ions 

National  inlot  (nation  services 
I'etsonal  c omtuunu  ations  wrist  tadio 
Noting  polling  wrist  set 
Diplomatic  I N,  hot  lines 
Tl ) hologiaphir  teleconferencing 
Mobile-  c ommmiic  ations  relay 
Amateur  i adi< > t c lay 

Te  le  graphing"  personal  c cuuiimnic  ations  systems 
Wor  ldwide  elec  tronic  ping  pong  tournaments 
C Till  i al  c or  n pi  iter  sen  it  e (bn  tiansinilling 
band-hrld  c ale  nlaloi  s) 
l ihati  polic  e wiist  radio 
fisaslei  Warning 

Disaste  r warning  relay 
Prc-disastei  data  bast-  (earthcpiake) 

Kai  thijuake-  fault  measurements 
Disasti-i  e ommnnie  alion  se  t 


Navigation,  Tracking,  and  Control 

Navigation 

• Public  navigation  system 

• < ilobal  position  determination 

• Coastal  navigation  rondo! 

• (ilobal  search  and  rescue  locator 
Tracking  and  Location 

• Implanted  sensor  data  c ollec  tion 

• Wild  animal,  water fowl  surveillanc  e 

• Marine  animal  migrations 

• Vehic  ular  speed  limit  eontiol 

• R.iil  anti-collision  system 

• Nuc  lear  I nr)  loc  ator 

• Which-/ package  loc  ator 
Traffic  Control 

• Multinational  air  traffic  control  radar 

• Surface  ship  tracking 
holder  Surveillance 

• C.N.  truce  observation  satellite 

• Border  surveillance 

• Coastal  anti-collision  passive-  radar 


Land  Data 

Agricultural  Measurements 
Soil  tvpe  i lassific  ation 
( a i >p  measurement 
( Imp  damage  assessme  nt 
( ih >bal  wheat  survey 
( top  idem  if i<  ation,  sut  v«*v 
Agricultural  land  use  pallet  ns 
( ,mp  harvest  monitor 
Range  land  evaluation 
( Top  stress  de-lee  tic  m 
Soil  etusion  measurement 
Agi  it  till  in  al  ac  i rage  survey 
Soil  moi.stme  measmemeiit 
Soil  tc-mpei atm e monitor 

-oiest  Management 

Timber  site  monitoring 
Logging  residue-  inventory 
Forest  stress  elelee  tie >n 
Koiest  file  delec  lion 
Kuial  lores!  emiiomiienl  ba/aiels 
lightning  contact  predic  tion  /'dr tec  lion 
Ivdiologitai  Inhu  mation  System 
Snow  moisture  data  collec  tor 
Wet  lands  monitor 
Tidal  patterns  flushing 
Water  management  surveillance 
It  l igation  Ih  >w  return 
Kuii-oll  foil-casting 
Inland  water/ic  e c over 
Subsurface  water  monitoi 
Water  resourc  e-  mapping 
Soil  inoislme  dal.i  < nitre  lot 
Irrigation  acreage  measurement 


• l 'ndrrwatei  vegetation  survey 

• Fake/river  suspended  solids 

• Sediment  measurements  (rivers) 

• Flooded  area  monitoring 
Fauci  Management 

• Land  capability  inventory 

• Land  use  mapping 

• Wild  land  classification 

• Range  vegetation  mapping 

• Rangeland  ntili/ation  population 

• Flood  damage  assessment 

• Beach  erosion 
Pollution  Data 

• Advanced  resources/ poll  ul  ion  observatory 

• Salt  accumulations  (irrigation) 

• Agricultural  pollutant  monitoring 

• Fake  eutrophication  monitor 

• Cleat  Fakes  thermal  mapping 

• F,f  lit  lent  discharge  patterns 

• Toxic  spill  detector 

• Air  cptality  profilometc-i 

• Air  pollutant  chemistry  (Freon) 

• Pollution  detection  and  distribution 

• Mosquito  control  (wetlands  Hooding) 
Resource  Measurements 

• Oil/mineral  location 

• Drilliiig/mining  operations  monitor 
Ceographic  Mapping 

• t Than/ suburban  density 

• Recreation  site-  planning 

• High-resolution  earth  mapping  radar 

• Wildland  vegetation  mapping 
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Weather  Data 

• Atmospheric  temperature  profile  sounder 

• R.iin  monitor 


Ocean  Data 

* Ocean  resources  and  dynamics  system 

• Marine  environment  monitor 

• ( )il  spill 

* Shoreline  ocean  current  monitor 

* Algae  bloom  ineasureinent 

• Saline  intrusion 


Global  Environment 

• Glacier  movement 

• Ozone  layer  replenishnieni/protertion 

• 1 lighwav '/roadway  environment  impar  t 

• Radiation  budget  observations 

• Atmospheric  composition 

• Energy  monitor,  solar  terrestrial  observatory 

• Tectonic  plate  observation 


Table  2.  Attractive  Opportunities 
in  the  Products  Area 


Table  3.  Attractive  Opportunities 
in  the  Energy  Area 


( )rganir 

• I so/vi  ties 

• Genetic  engineering  of  hybrid  plants 

• ITokinase 

• Insulin 

• New  antibiotics  via  rapid  mutation 
Inorganic 

• Earge  ci  vstals 

• Super-large-scale  integrated  circuits 

• Transparent  oxide  materials 

• Surface  acoustic  wave  devices 

• New  glasses  (including  filler  optics) 

• Tungsten  X-rav  target  material 

• Hollow  ball  hearings 

• High-temperature  turbine  blades 

• Separation  of  radioisotopes 

• High  strength  permanent  magnets 

• Magnetic  bubble  memory  crystal  film 

• Thin  film  elec 'Ironic  devices 

• I-  if;  mutts  lot  high-intensity  lamps 

• Aluminum-lead  lubricated  alloys 

• Continuous  ribbon  crystal  growth 

• Cutting  tools 


lamella 

• Night  illumination  lor  urban  areas 

• Night  illumination  lor  agriculture  and  industrial 
operations 

• Night  illumination  lot  disaster  relief  operations 
Sole!  la 

• Night  frost  damage  protection 

• Loc  al  climate  manipulation 

• Reflec  ted  light  (or  giound  elect! icily  conversion 

• Ocean  cell  warning  lot  climate  c ontrol 

• Controlled  snow-park  melting 

• Stimulation  of  photosynthesis  process 
Other 

• Satellite  power  system  (solar) 

• Fusion  in  space 

• Nuc  lear  waste  disposal 
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Document  111-22 

Document  title:  “Space  Industrialization:  An  Overview,”  Final  Report,  Volume  1, 
SAI-79-662-HU,  Science  Applications,  Inc.,  April  15,  1978,  pp.  1-5,  10-12,  15-17. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  study  was  similar  to  the  Rockwell  study  of  the  same  era  (Document  111-21).  It  examined  detailed 
industrial  sectors  and  the  potential  demand  and  revenues  from  sample  space  ventures . It  also  urged 
the  aerospace  industry  to  look  at  the  possibilities  of  space  industrialization.  What  follows  are  exempts 
from  sections  I,  3,  and  4 and  a figure  from  section  5. 
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Space  Industrialization 
An  Overview 

15  April  1978 

Final  Report 
Volume  1 

[ 1 ] 1 . SUMMARY 

Space  Industrialization  (SI)  is  the  medium  by  whic  h services,  energy  and  produc  ts  are 
returned  from  space  to  Earth  to  provide  economic  and  other  pragmatic  benefits  to 
mankind.  Although  this  study  focuses  on  t he  United  Stales  as  the*  mechanism  for  benefit 
generation  and  transfer  (with  an  appropriate  payback  to  its  industry  and  citizenry  for 
investing  resources  and  labor),  it  is  the  world  that  benefits.  Indeed,  the  underdeveloped 
and  developing  countries  are  now,  and  will  continue  to  be,  prime  beneficiaries  f rom  Spac  e 
Industrialization.  It  is  possible  to  construct  credible  scenarios  which  step  these  nations  into 
the  twentieth  century  equivalent  of  the  U.S.  in  less  than  100  years,  without  significant  loc  al 
or  global  economic  or  environmental  damage.  The  great  power  for  what  is  considered 
“good”  in  the  western  world  (health,  safety,  knowledge,  creative  growth,  etc.)  afforded  by 
Spac  e Industrialization  has  been  comprehended  by  a very  few,  hut  there  is  evidence  that 
realization  is  spreading.  It  is  hoped  that  this  document  and  this  report,  in  conjunc  tion  with 
the*  companion  report  by  Rockwell  International,  will  assist  in  this  realization,  and  help 
promote  early  expansion  of  the  beneficial  returns  on  humanity’s  investment  in  spac  e. 

The  SAI  study  concentrated  on  the  U.S.  and  what  we  may  gain  from  the  investing  of 
our  resources,  both  public  and  private,  in  SI.  The  future  was  examined  to  characterize 
resource  pressure's,  requirements  and  supply  (population,  energy,  materials,  food);  also, 
the*  backdrop  of  probable  events,  attitudes  and  trends  against  which  SI  will  evolve*  were*  pos- 
tulated. The  opportunities  for  space  industry  that  would  bring  benefits  to  Earth  were  com- 
piled and  screened  against  terrestrial  alternative's.  Most  survived,  and  a population  of  the 
survivors  were  [sic]  examined  to  determine  if  SI  would  ever  be  “worth  the  investment.”  A 
cursory  market  survey  was  conducted  for  the*  selected  services  and  products  provided  by 
these  initiatives  and  the  results  were  astounding.  Space  Industrialization  is  a billion  dollar 
a year  business  now;  in  thirty  years  it  could  grow  by  100  times  that  amount — or  more! 

[2]  But,  space  is  expensive.  Might  not  the  investment  outweigh  the  gain?  Programs  of  SI 
evolution  corresponding  to  the*  postulated  future  scenarios  were  developed,  and  tlu* 
investments  compared  to  the  revenues  and  their  associated  benefits.  The  program  analy- 
sis results  brought  two  observations:  SI  investments  will  be  good  investments  and  the  soon- 
er the  investment,  the  better  for  all  concerned  (in  terms  of  the  pure  mathematics).  It  was 
recognized,  however,  that  certain  other  factors  may  control  the  practical  rate  of  progress. 

These  “other  (actors”  were*  examined  to  the  extent  practical  in  this  study;  a great  deal 
remains  to  he  done.  The  following  observations  arc*  in  older,  however,  based  on  this 
assessment. 

( 1 ) Foreign  competition  is  becoming  very  strong  in  SI.  It  is  no  longer  “our”  domain  and 
these  pressures  will  increase.  This  may  limit  or  spur  U.S.  increased  involvement. 

(2)  The  developing  and  underdeveloped  nations  of  the  world  may  consider  the  U.S. 
and  SI  a threat  or  a powerful  tool  for  progress  depending  on  how  we  promote*  it. 

(5)  Prospects  for  economic  return  to  the  government  (public  sector)  are  excellent,  so 
long  term  investments  should  he  justifiable  A few  billion  dollars  invested  in  the* 
eighties  will  result  in  hundreds  of  billions  in  lax  revenues,  millions  of  jobs  created, 
strong  economic  growth  and  good  balance  of  trade  impac  ts  in  twenty  years  or  less. 
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(4)  Although  some  U.S.  industry  will  resist  SI,  a strong  support  base  ran  he  built 
among  U.S.  private  enterprise. 

(5)  In  both  domestic  and  international  law  there  art*  no  legal  entanglements  whi<  h will 
seriously  inhibit  SI  deve  lopment,  if  we  develop  proper  policies  and  stick  to  them! 

(B)  Although  many  social  and  political  institutions  will  be*  affected  by  SI,  the  most  sig- 
nificant an*  those  institutions  governing  industry  and  government  relations  and 
those  relating  the  U.S.  to  the  rest  of  the  world.  Nothing  precludes  mutually  ben- 
eficial arrangements  in  both  of  these  arenas.  Historically,  such  arrangements  have 
taken  several  years  to  evolve. 

|S|  (7)  The  most  important  SI  initiatives  would  appear  to  have  rather  high  initial  invest- 
ments, and  payback  periods  longer  than  normal  for  private'  investment.  A mech- 
anism for  reducing  initial  risk  and  shortening  these*  payback  limes  is  possible  and 
will  attract  substantial  industry  support  upon  initiation. 

Thus,  in  sum,  this  study  has  concluded  that  Space  Industrialization  exists  and  is  sul>- 
stantial  and  sustained  growth  is  highly  desirable.  From  examination  of  the  SI  programs 
and  t heir  charac  te  ristic  s the*  following  recommendations  were  drawn. 

(1)  Strong  industry  involvement  in  all  areas  of  SI  from  planning  to  ultimate  opera- 
tions is  necessary  to  return  maximum  benefits. 

(2)  A central  group,  perhaps  under  the  Administrator  of  NASA,  especially  tasked  to 
plan,  integrate  and  advocate*  SI  activities  is  needed  badly.  Such  a group,  located 
within  the*  government,  may  indeed  be  essential  if  private*  enterprise  c an  not  meet 
the  challenge  on  its  own. 

(5)  Space*  Industrie's  will  need  25  to  75  KW  of  raw  power  in  the  early  to  mid-eighties, 
100  to  500  KW  in  the  latter  eighties  and  1-10  MW  in  the  early  to  mid-nineties.  A 
Solar  Power  Satellite  prototype  development  program  to  prove*  technical/ eco- 
nomic feasibility  and  environmental  acc  eptability  would  have*  similar  milestones 
and  characteristics.  Space  power  needs  for  products  have*  a similar  progression, 
with  the*  possibility  of  a three  to  five*  year  lag  in  demand  relative*  to  othei  lequiit*- 
memts.  A space*  power  program  designed  to  integrate*  and  synergize  these  require- 
ments should  be  initiated,  beginning  with  developme  nt  of  the  25  KW  Power 
Module  currently  proposed.  The*  require*me*nls  for  a concurrent  large  structure's 
program  is  implicit  to  the  power  program. 

1 4 ] (4)  flu*  cost  of  space  transportation  to  low  Earth  orbit  must  come  down  below  shut- 
tle- projections  by  a factor  of  10  to  100  to  re  ally  open  the  products  market  in  the* 
nineties,  flu*  Shuttle  is  the  key,  but  the  longer  term  SI  requirements  are  already 
apparent.  Increase's  in  flexibility  and  decreases  in  cost  are*  nc*eded  by  high  oibit 
operations  in  the*  latter  eighties  for  both  services  and  energy  initiatives, 
propulsion  and  vehicle  programs  to  meet  these  needs  should  be*  integrated  into 
future*  transportation  planning. 

(5)  The  U.S.  (probably  through  the  NASA)  should  embark  on  an  intensive  data  gath- 
ering and  planning  ef  fort  during  FY79,  80  and  81  in  parallel  to  initiation  of  early 
projects  such  as  25  KW  Power  Module.  This  effort  would  culminate  in  a carefully 
coordinated,  evolutionary  Space  Industrialization  Plan  with  domestic  and  inlet- 
national  as  well  as  government  and  industry  segments. 

The  above*  recommendations  imply  only  modest  budget  commitments  over  tlu*  next 
three  years  (less  than  five  million  per  year  in  studies  and  planning  and  less  than  fifty  mil- 
lion per  year  in  hardware  commitments).  The  budget  requirements  for  development  and 
implementation  of  initiatives  with  early  direct  returns  (mid  to  late  eighties)  plus  long  lead 
technology  development  for  the  nineties  has  a funding  peak  ofless  than  four  billion  dol- 
lars annual.  That  cost  could  he  shared  in  various  ways  between  NASA,  other  government 
agencies,  private  industry  and  inte  rnational  (or  foreign)  organizations.  Tlu*  space  tech- 
nology peculiar  funding  re*quire*me*nts  are  less  than  two  billion  of  the*  four  billion  total. 
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A great  deal  of  work  remains  before  Space  Industrialization  enters  the  main  stream  of 
government  and  industry  planning,  and  a proper  public  understanding  is  achieved.  A 
solid  information  base,  a dedicated  advocacy  group  and  very  hard  work  are  the  essential 
ingredients  to  accomplishing  these  objectives.  File  rewards  will  be  worth  the  effort,  and 
attaining  these  goals  will  turn  Space  Industrialization  into  the  mechanism  for  achieving 
the  next  plateau  of  human  development. 

|n]  I he  remainder  of  this  document  provides  discussion  in  greater  depth  in  the  tasks  of 
the  study  as  outlined  in  the  Summary.  Volumes  2,  3 and  4 of  this  report  contain  the  in- 
depth  discussion  and  data.  . . . 

1 10 1 3.  INDUSTRIAL.  OPPORTUNITIES  IN  SPACE 


The  establishment  of  future  markets  and  a space  industrialization  program  for  each 
future  scenario  required  a compilation  of  potential  opportunities.  These  were  established 
to  a level  of  detail  and  breadth  of  application  sufficient  to  allow  gross  market  survey  and 
preliminary  program  formulation. 

1 he  purpose  of  this  compilation  was  not  to  create  an  exhaustive  shopping  list  of 
opportunities  but  rather  to  key  in  certain  indicative  possibilities  within  each  industrial 
activity  identified  (Information  Services,  Energy,  Products,  People).  The  goal  was  of  suffi- 
cient breadth  to  insure  represensative  [ sic' J program  formulation  and  appropriate  market 
survey.  The  result  of  this  is  a compilation  of  over  200  potential  applications  f or  space  relat- 
ed goods  and  services. 

As  previously  noted,  the  opportunities  and  their  identified  representative  usage  were  com- 
piled under  four  industry  activity’ 'categories:  Information  Services,  Energy;  Products  and  People 
(in  space).  Each  of  these  categories  was  further  subdivided  into  sulx  alegories  as  follows. 


Information  Services 

Communications 

Observations 

Navigation 

Location 

Sensor  Polling 


Mncrgj: 

Solar  Power  Satellite 
Redirected  Isolation 
Nuclear  Waste  Disposal 
Nuclear  Power/Breeder  Satellite 
Power  Relay 


Products 

Biologicals 

Electronics 

Electrical 

Structural 

Process 

Opticals 


People 

Tourism 

Medical 

Entertainment /Art 
Recreation 
Education 
Support 


111]  4.  THE  TERRESTRIAL  ALTERNATIVES 

I flirty- two  candidates  for  space  utilization  were  compared  to  potential  Earth  based 
alternatives.  Comparisons  were  based  on  examining  the  initial  cost  of  installation  on  a first 
order  basis  and  a cursory  review  of  qualitative  factors  such  as  ease  of  use,  reliability,  tech- 
nology requirements,  etc.  If  costs  and  capability  obtained  appeared  comparable  between 
the  alternatives,  they  were  retained  for  further  study.  In  certain  instances  the  identified 
space  uses  exhibited  much  lower  cost  for  similar  capability  or  the  reverse.  These  were 
identified  as  clearly  viable  candidates.  Where  cost  and/or  capability  were  clearly  superior 
for  the  Earth  alternative,  the  candidate  was  dropped  from  further  consideration. 
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For  five  of  the  thirty-two  the  terrestrial  alternative  was  deemed  dearly  superior,  seven 
appeared  more  favorable  accomplished  from  space  and  twenty  depended  too  much  on 
specific  details  (too  dose  to  call). 

The  generic  lessons  culminate  with  the  conclusion  that  alternatives  do  exist,  or  can 
be  visualized  for  most  space  initiatives.  “Uniqueness”  of  the  space  candidates  detailed  was 
not  deemed  strong  enough  to  warrant  special  consideration  in  a competitive  environ- 
ment. Significant  technological  “lead”  for  space  options  was  found  only  in  the  area  of 
earth  resources.  And,  in  the  case  of  communications,  implementation  may  be  tipped 
already  toward  terrestrial  options.  In  concert  with  these  arguments  it  is  concluded  that 
market  softness,  in  terms  of  systems  requirements,  remove  the  constraint  that  terrestrial 
alternative  systems  must  duplicate  exactly  space  products  and  services. 

The  implications  of  the  above  statements  gives  rise  to  the  following  observations  on 
the  viability  of  terrestrial  alternatives. 

(1)  Complexity  from  detailed  assessment  of  non-cost  issues  substantially  reduces  the 
opportunity  to  develop  a “winning”  mix  of  space  ef  forts  based  on  generalized  benefits. 

(2)  In  lieu  of  a mandate,  space  viability  must  be  aggressively  advocated/studied 
against  competitors  in  the  mid  1980’s. 

| 12]  (3)The  cur  rent  involvement  of  an  existing  industry  will  typically  indicate  which  alter- 
native would  be  favored  by  it  unless  forced  by  competition  to  change  directions. 
New  entries  in  an  industry  will  select  a path  based  on  investment  and  risk  con- 
siderations. Most  space  initiatives  considered  in  this  study  will  appear  highly  favor- 
able over  terrestrial  alternatives  only  after  steps  toward  risk  reduction  are 
implemented.  . . . 

|ir>) 

Projected  Annual  and  Cumulative  Revenue  Potential  for 
Selected  Information  Services  Initiatives 
(1977  Dollars) 

Potential  Revenues 
(in  Millions  of  Dollars) 


Annual 

Cumulative 

(Peak) 

(1985-2010) 

Information  Services 

Pocket  Telephone 

20,000 

100,000 

Teleconferencing 

9,000 

90,000 

National  Information  Services 

0,000 

40,000 

Electronic  Mail 

9,000 

90,000 

Disaster  Communications  Set 

SO 

500 

Advanced  TV  Broadcast 

2,000 

8,000 

Vehicle  Inspection 

300 

4,000 

Globa!  Search  and  Rescue 

50 

300 

Nuclear  Fuel  Locators 

3 

40 

Oc  ean  Resources 

2 

50 

Transportation  Services  (Equipment  Sales) 

70 

400 

Rail  Anti-Collision  System 

40 

600 

Personal  Navigation  Sets  (Equipment  Sales) 

100 

400 

Vehicle/Package  Locator 

300 

5,000 

Voting/Polling  Wrist  Set 

40 

200 

~$47B/Year 


~$340  Billion 
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Projected  Annual  and  Cumulative  Revenue  Potential  for 
Selected  Energy  Initiatives 
(1977  Dollars) 


Potential  Revenues 

(in  Millions  of  Dollars) 

Annual 

Cumulative 

Energy 

Solar  Power  Satellite  (First  SAT  in  1990) 

(Peak) 

(1985-2010) 

49  5(iW  at  27  MILS/KWH 

50,000 

300,000 

00  HKiVVat  11.5  MILS/KWH  >7.1  MILS/ KWH 

30,000 

200,000 

00  10GW  at  27  MILS/KWH 

100,000 

000,000 

Urban  Night  Illuminator 

200 

2,000 

Nuclear  Waste  Disposal 

1,000 

3,000 

~30-$100B 

~$200-$600B 

! HV! 

Projected  Annual  and  Cumulative  Revenue  Potential  for 
Selected  Products 
(1977  Dollars) 


Potential  Revenues 

(in  Millions 

of  Dollars) 

Annual 

( aimulutix 

(Peak) 

(1 985-20 h 

Products 

Drugs  and  Pharmaceuticals 

000 

7,000 

Electronics 

Semiconductors 

2,000 

20,000 

Electrical 

Magnets 

300 

4,000 

Superconductor  (generating  only) 

2,000 

20,000 

Optical 

Fiber  Optics 

80 

800 

Special  Metals 

Perishable  Cutting  Pools 

800 

8,000 

Bearings  and  Bushings 

200 

2,000 

Jewelry 

100 

2,000 

~$64  Billion 


~$6B/Year 
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Document  111-23 

Document  title:  “Feasibility  of  Commercial  Space  Manufacturing:  Production  of 
Pharmaceuticals,”  Final  Report,  Volume  1,  Executive  Summary,  MDC  E2104,  McDonnell 
Douglas  Astronautics  Company,  St.  Louis  Division,  Contract  NAS8-31353,  November  9 
1978,  pp.  1-3,  26-30. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

This  is  another  one  of  the  series  of  studies  conducted  in  the  late  1970s  Jor  the  Marshall  Spaceflight 
Center.  In  the  19H()s,  McDonnell-Douglas  teamed  with  Johnson  and  Johnson  to  experiment  with  an 
improved  electrophoresis  instrument  that  could  make  new  drugs  in  microgravity  aboard  the  Space 
Shuttle.  Although  the  program  was  publicized  as  a privately  funded  effort,  the  genesis  of  the  project 
can  be  traced  back  to  the  early  support  that  NASA  gave  the  company  in  looking  at  all  aspects  ( tech- 
nological, economic,  and  so  on)  of  space  industrialization. 


9 November  ] 978 

Feasibility  of  Commercial  Space  Manufacturing 
Production  of  Pharmaceuticals 

Final  Report 
Volume  1 

Executive  Summary 
[']  1.0  INTRODUCTION 

The  environment  of  space  holds  great  promise  for  new  manufacturing  processes 
which  take  advantage  of  the  absence  of  such  eai  thbound  phenomena  as  natural  convec- 
tion and  sedimentation.  Using  these  processes,  space  manufacturers  can  not  only  produce 
products  superior  to  those  produced  on  the  ground,  they  can  produce  entirely  new  class- 
es of  products.  Though  characteristics  of  space— including  high  vacuum  and  radiation— 
can  he  duplicated  on  earth,  the  most  important  characteristic,  weightlessness,  can  be 
achieved  only  for  an  extremely  brief  period.  In  the  microgravitv  of  space,  molten  materi- 
als can  be  suspended  without  containers — eliminating  a major  source  of  contaminants. 
More  importantly,  in  space  we  can  escape  gravity-induced  convection.  Convection  cur- 
rents which  are  caused  by  the  thermal  gradients  in  fluids — can  lead  to  undesirable  struc  - 
tural differences  in  the  solid  materials  produced.  Having  escaped  the  problems  posed  by 
these  currents,  space  manufacturers  will  be  able  to  grow  crystals  of  great  purity  with  high- 
ly controllable  characteristics;  they  will  find  it  much  easier  to  mix  and  homogenize  liquids, 
to  cast  metals,  and  to  separate  and  purify  the  elements  of  mixtures. 

The  question  immediately  arises,  why  is  not  industry  actively  pursuing  opportunities 
to  develop  materials  and  processes  in  space?  The  first  reason  is  that  industry  is  not  gen- 
erally familiar  with  the  potentials  of  space.  NASA  and  key  aerospace  organizations  are 
working  continually  to  rectify  that  situation.  The  second,  and  by  far  the  dominant,  reason 
is  that  observation  of  basic  phenomena  with  potential  application  is  only  the  start  of  the 
industrial  process.  A major  body  of  data  on  applied  research  into  processes  and  materials 
characteristics,  material  applications  potential,  potential  markets  and  their  probable 
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growth,  and  the  characteristics  of  production  systems  and  logistics  must  be  developed  as 
a vital  decision  base.  Before  private  industry  will  invest  the  money  required  to  begin  such 
untried  processes,  it  must  be  reasonably  confident  that  the  product  will  have  a high  value, 
that  the  benefits  of  processing  in  space  will  lx*  substantially  greater  than  processing  on  the 
ground  (i.e.,  capable  of  producing  less  expensive,  more  useful  products,  or  producing 
products  that  cannot  be  made  on  earth).  The  investor  must  also  be  reasonably  confident: 
that  the  space  process  can  be  developed  in  a given  time  at  an  affordable  cost;  that  a mar- 
ket exists  at  a price  which  assures  a reasonable  return  on  investment;  and  that  this  market 
will  [2]  not  disappear  because  a new  product  appears  and  captures  the  market,  or  because 
a breakthrough  in  the  technology  occurs  that  permits  competitive  ground  production. 

Because  these  risks  are  so  difficult  to  assess,  and  because  the  required  initial  invest- 
ment is  so  large,  most  industries  adopt  a “wait  and  see”  attitude.  Until  more  data  are  avail- 
able, industries  find  it  extremely  difficult  to  assess  the  potential  of  new  processes  and 
products. 

To  address  this  problem,  we  approached  NASA  with  a proposal  to  study  the  feasibility 
of  commercial  manufacturing  of  pharmaceuticals.  The  goal  of  this  undertaking  was  to 
induce  pharmaceutical  firms  to  participate  actively,  on  a continuing  basis,  in  exploring  the 
possibilities  of  using  the  unique  environment  of  space  to  produce  new  products.  The 
MI)AC-St.  Louis’  approach  was,  first,  to  secure  the  initial  commitment  of  these  firms  by  pro- 
viding key  management  and  technical  executives  with  preliminary  data  and  forecasts  of  the 
business  and  technical  potential  of  space  processing.  I he  second  aspect  of  the  approach 
was  to  foster  the  initial  commitments  by  establishing  continuing  technical  and  management 
exchanges  with  the  interested  pharmaceutical  companies  to  our  mutual  benefit. 

Our  enthusiasm  for  space  processing  focused  on  the  promise  shown  by  our  company 
funded  efforts  with  electrophoresis.  In  order  to  accomplish  the  facets  of  this  goal  we  had 
to  expand  the  data  base  we  had  developed — including  significant  laboratory  work  and  an 
awareness  of  the  state-of-the-art — and  we  had  to  target  companies  potentially  interested  in 
the  benefits  of  the  process. 

In  our  early  company  funded  work  with  electrophoresis,  we  learned  how  to  separate 
relatively  large  quantities  of  test  materials.  We  also  experienced  the  adverse  effects  of  grav- 
ity on  the  process — causing  the  vertically  flowing  stream  to  collapse  on  itself  (if  the  sam- 
ple were  denser  than  the  carrier  fluid)  or  to  ball  up  and  float  to  the  top  of  the  chamber 
(if  the  sample  is  less  dense  than  the  carrier  fluid).  On  the  basis  of  these  experiences  we 
began  developing,  with  MDAC-St.  Louis  funds,  our  own  mathematical  models  of  these 
effects  so  that  we  could  predict  effects  of  design  changes  and  operating  conditions,  and 
ultimately  forecast  the  benefits  of  operating  in  space.  We  also  ran  company  funded  pre- 
liminary mass  balance  calculations;  these  activities  assured  us  that  we  could  define  [3]  and 
demonstrate  the  types  of  requirements  needed  to  characterize  conceptual  space  and 
ground  production  systems,  with  their  requisite  logistics  capabilities,  in  presentations  to 
NASA  and  industry. 

Under  the  contract,  we  addressed  the  problem  of  targeting  pharmaceutical  compa- 
nies. Our  first  step  was  to  engage  the  services  of  Price  Waterhouse  and  Company  to  pro- 
vide1 important  drug  industry  data.  The  overall  drug  industry  analysis  provided  by  Price 
Waterhouse  included:  detailed  assessments  of  the  top  twenty  companies  in  the  industry, 
focusing  on  their  apparent  commitment  to  innovation,  their  research  and  production 
emphasis  on  products  having  high  potential  for  space  production,  and  the  prominence  of 
their  executives.  Price  Waterhouse  also  helped  us  prepare  the  presentation  to  be  made  to 
these  companies,  recommending  a “businessman  to  businessman”  approach. 

Letters  were  written  to  the  selected  companies.  These  letters  gave  an  overview  of  the 
feasibility  study,  listed  some  of  the  potential  benefits  to  pharmaceutical  manufacturing  by 
processing  in  space,  and  requested  an  opportunity  to  make  a presentation.  Ten  of  four- 
teen companies  requested  the  presentation. 
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Although  the  pharmaceutical  company  personnel  were  generally  skeptical  at  first, 
once  they  understood  the  benefits  of  microgravity;  the  implications  of  the  preliminary 
results  of  continuous  flow  electrophoretic  separation,  and  the  potential  of  an  integrated 
space  pharmaceutical  production  system  manufacturing  products  of  great  value,  they 
became  increasingly  intrigued.  As  a result  of  these  initial  contacts,  six  companies  respond- 
ed positively  to  our  invitation  for  assistance  and  cooperation  in  this  study.  Two  companies 
agreed  to  participate  actively  in  the  form  ol  laboratory  testing  a product  of  specific  inter- 
est to  themselves.  Four  additional  companies  agreed  to  participate  in  a more  passive  mode 
by  suggesting  products,  providing  marketing  information  and  reviewing  the  analysis  of 
results.  One  of  the  conditions  for  their  participation,  however,  was  that  the  companies  not 
be  linked  with  any  potential  product  or  process  data  because  of  the  highly  competitive 
nature  of  the  industry.  With  NASA  concurrence,  therefore,  and  participating  company 
approval,  we  have  deleted  the  names  of  any  company  associated  with  this  study  and, 
instead,  emphasized  the  important  product  and  process  information  obtained  from  them. 

This  report  describes  our  method  of  obtaining  pharmaceutical  company  involve- 
ment, the  development  of  protocols  with  two  of  these  companies,  laboratory  results  of  the 
separation  of  serum  proteins  by  the  continuous  flow  electrophoresis  process,  the  selection 
and  study  of  candidate  products,  and  their  production  requirements.  From  the  twelve 
candidate  products  discussed  with,  or  suggested  by,  the  visited  pharmaceutical  companies, 
six  were  selected  for  further  evaluation:  antihemophilic  factor,  beta  cells,  erythropoietin, 
epidermal  growth  factor,  alpha- 1-antitrypsin  and  interferon.  Production  mass  balances  for 
antihemophilic  factor,  beta  cells,  and  erythropoietin  were  compared  for  space  versus 
ground  operation.  Selection  of  the  best  mode  of  operation  for  these  three  representative 
products  permitted  a conceptual  description  of  a multiproduct  processing  system  for 
space  operation.  Production  requirements  for  epidermal  growth  factor,  alpha-1- 
antitrypsin  and  interferon  were  found  to  be  satisfied  by  the  system  concept. 

In  the  technical  interchanges  that  occurred  with  these  pharmaceutical  companies, 
significant  data  were  generated  and  many  valuable  lessons  were  learned.  These  data  and 
lessons,  detailed  in  this  report,  are  intended  to  serve  others  interested  in  exploring  the 
possibilities  of  space  processing.  . . . 

[ 26]  6.0  LESSONS  LEARNED 

During  this  study  a number  of  lessons  have  been  learned  about  obtaining  and  foster- 
ing commercial  producer  participation  in  studies  of  space  proc  essing.  These  should  be 
given  due  consideration  in  formulating  plans  for  future  studies  of  this  nature.  They  are 
presented  here  in  brief,  and  MDAC-St.  Louis  recommends  that  they  be  adopted  as  ele- 
ments in  the  NASA  model  for  exploring  other  market  sectors  considered  for  the  com- 
mercialization of  space. 

The  key  to  involving  industry  in  space  processing  is  to  establish  a fully  business-like 
footing  for  their  participation.  In  most  cases,  the  producer  industry  is  relatively  unfamil- 
iar with  the  space  environment,  operations  in  space  and  the  requirements  and  techniques 
of  designing  and  integrating  systems  hardware  to  be  flown  in  space  missions.  Dealing 
directly  with  NASA  would  involve  them  in  a new  form  of  governmental  interf  ace  to  which 
they  are  not  accustomed. 

By  establishing  a buffer  team  between  itself  and  the  industry  with  which  it  desires  to 
build  participatory  agreements,  NASA  can  establish  the  businessman-to-businessman  rela- 
tionship so  essential  to  nurturing  commercial  enterprise  in  space.  The  aerospace  compa- 
ny chosen  for  the  buffer  team  should  have  established  a competence  in  dealing  with  the 
particular  process  NASA  wishes  to  advance  as  a candidate  for  production  operations  in 
space.  Moreover,  the  company  should  have  made  a significant  commitment  on  its  own,  in 
terms  of  funds  and  manpower,  to  the  development  of  that  process  before  NASA  chooses 
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that  firm  to  serve  on  the  buffer  team.  The  buffer  team  should  also  include  an  indepen- 
dent business  analysis  firm  specializing  in  the  particular  industry  to  be  approached.  The 
l ight  business  analysis  firm  not  only  knows  the  industries  of  interest,  but  is  familiar  with 
the  particular  environment  in  which  the  producers  operate.  It  has  access  to  business  doc- 
umentation resources  beyond  the  aerospace*  horizon;  and,  most  impor  tantly,  such  a firm 
will  know  key  management  and  technical  personnel  of  these  companies  plus  the  correct 
business  basis  on  which  to  approach  them. 

The  candidate  producer  firms  identified  by  the  buffer  team  should  be  subjected  to  a 
penetrating  business  analysis  by  the  business  consultant  member  of  the  team.  This  analy- 
sis should  include  such  factors  as:  the  firm’s  annual  sales  and  growth:  [27]  the  size  of  the 
company;  the  new  products  it  has  marketed;  the  tenure  of  the  firm’s  senior  officers;  the 
surplus  funds  available  for  investment;  the  size  of  the  firm’s  R&l)  budget;  and  the  identi- 
fiable constraints  on  the  firm’s  growth.  In  addition,  there  will  be  factors  requiring  evalua- 
tion which  arc*  peculiar  to  the  specific  class  of  industry  being  approached. 

Having  made  contact  with  the  companies  by  introductory  letter,  follow-up  telephone 
calls  should  arrange  for  a formal  presentation  at  the  producer’s  own  facility.  After  estalv 
lishing  a degree*  of  rapport  with  their  business  or  technical  management,  the  presenting 
company  should  tailor  each  presentation  to  the  interests  of  the  key  people  in  each  pro- 
ducer company,  i.e.,  the  corporate  decision  makers  and  senior  technical  personnel. 

Personnel  making  the  presentation  should  be  thoroughly  familiarized  with  the  seg- 
ment of  industry  they  wi  1 1 Ik*  visiting;  at  least  one  member  should  have  credible  experi- 
ence in  that  producer  industry.  All  members  should  be  prepared  to  speak  the  vocabulary 
distinct  to  that  industrial  field  of  endeavor.  The  preseniors  [sic]  should  he  a systems  team 
that  is  capable  of  addressing  all  aspects  of  space  processing  to  the  audience’s  satisfaction. 
Not  only  must  they  he  knowledgeable  in  the  area  of  products  and  processes,  hut  also  f amil- 
iar with  space*  flight  systems  and  how  day-to-day  activities  in  space  are  carried  out.  They 
must  he  thoroughly  prepared,  as  well,  to  discuss  resource  requirements,  costs  and  man- 
power, and  sc  hedules.  Inclusion  of  a life  sciences  specialist  in  the  team  is  highly  desirable 
so  that  questions  on  man's  contributions  and  requirements  in  space  can  lx*  answered. 

flu*  presentation  approach  should  reflect  the  husinessman-io-husinessman  relation- 
ship desired  between  the  buffer  team  and  the*  manufacturing  firm.  It  must  reflec  t that 
industry  is  profit  oriented  rather  than  knowledge  oriented;  research  must  ultimately  lead 
to  inc  reased  corporate  profit.  By  selecting  products  of  particular  interest  to  that  company 
and  presenting  relevant  market  and  business  forecasts,  a profit  potential  can  be  demon- 
strated in  a way  to  engage  both  the  technical  and  management  attention  of  the  audience. 
Using  a conservative  approach  iir  the  presentation,  especially  with  technical  and  business 
values  familiar  to  the  audience,  will  give  individuals  an  excellent  chance*  to  contribute  to 
the  discussions  and  to  realize  that  their  experience  and  participation  would  greatly 
enhance  the*  program. 

1 28]  In  this  situation,  the  presentation  approach  should  reflect  that  a joint  working 
arrangement  between  the*  visited  company  and  the  aerospace  industry  would  he  mutual- 
ly beneficial,  using  the  strengths  of  each  partner  to  achieve  new  goals.  It  must  convey  the 
attitude:  “We  are  deeply  involved  and  would  like  you  to  join  us”  rather  than  “You  tell  us 
what  we  can  do  for  you  in  space.”  If  the  presentation  features  working  hardware,  mathe- 
matical analyses  and  models,  as  well  as  preliminary  product  data  with  their  related  market 
and  r isk  analyst's,  the  audience  will  feel  that  the  presenters  have*  a strong  corporate  invest- 
ment in  tin*  conc  ept,  both  financially  and  in  terms  of  manhours  of  effort. 

During  the  presentation,  the  question  is  invariably  asked  of  the  presentor  [sic],  “Why 
should  we  manufacturers  be  interested  in  space  processing?”  Placing  a good  reason  for 
their  interest  early  in  the*  presentation  can  forestall  the  inquiry.  The  reason  can  easily  be 
developed  by  identifying  the*  visited  company  with  a candidate  product  that  has  the  poten- 
tial of  being  produced  in  space  and  that  also  complements  their  already  existing  product 
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line.  We  have  found  it  is  also  essential  to  indicate  very  early  in  our  presentations  that  the 
products  discussed  are  of  the  very  low  volume-very  high  value  type.  Many  of  the  propri- 
etary pharmaceutical  companies  think  in  terms  of  large  volume-low  cost  products  which 
are  not  applicable  in  the  space  operations  we  visualize. 

Results  of  the  presentations  will  develop  relatively  slowly.  The  companies  visited  will 
take  time  to  digest  what  is  presented  and  investigate  the  claims  made.  Experience  in  this 
study  has  shown  that  this  phase  will  take  about  three  months.  If  results  of  the  initial  inves- 
tigation are  favorable,  the  company  will  present  the  concept  to  their  corporate  manage- 
ment. This  second  phase  usually  will  take  two  more  months.  The  formal  development  of 
participating  documentation  (e.g.,  protocols,  agreements,  etc.)  and  approval  of  budgets 
will  ordinarily  consume  an  additional  six  to  twelve  months.  All  during  this  time,  routine 
contact  between  the  two  companies  should  be  maintained  with  pertinent  management 
and  technological  data  exchange  by  both  sides  as  required. 

During  this  period,  it  is  extremely  important  not  to  exploit  the  manufacturing 
company  names  or  the  products  they  have  under  consideration.  If  such  information 

[29]  became  generally  known  without  the  consent  of  the  candidate  participant,  coopera- 
tion would  probably  be  terminated.  The  privacy  of  a manufacturing  company  considering 
participation  must  be  respected  until  the  firm  decides  to  announce  publicly,  for  itself,  its 
intent  to  participate  in  the  exploration  of  space  applications. 

A data  base  concerning  a potentially  profitable  candidate  product  must  be  developed 
upon  which  a technology  interchange  can  be  established  between  the  interfacing  compa- 
ny and  the  candidate  producing  company.  Cooperative  laboratory  activities  are  essential 
tools  in  building  the  required  data  base.  In  this  way  MI)AC-St.  Louis  established  a tech- 
nology interchange  with  the  participating  pharmaceutical  companies.  This,  in  turn,  wfe 
believe,  has  enhanced  the  level  of  interest  of  these  companies  in  the  potential  of  fered  by 
processing  pharmaceuticals  in  space. 

Many  potential  products  can  be  proposed  for  space  processing  by  reviewing  the  liter- 
ature and  discussing  the  subject  with  professionals  in  the  field  of  interest.  Many  of  the  sug- 
gestions may  be  of  interest  scientifically  for  their  own  sake  but  will  have  little  chance  of 
being  rapidly  adopted  by  the  workers  in  that  field  if  they  offer  no  substantial  improvement 
over  existing  materials.  If  the  companies  do  not  see  a significant  return  on  their  invest- 
ment in  research  and  development  of  a product  they  will  ignore  that  product. 

Development  of  market  data  on  products  important  to  candidate  participating  firms 
is  a key  to  securing  their  interest.  A search  of  the  literature,  supplemented  by  consulta- 
tions with  clinical  authorities  will  provide  the  information  necessary  to  develop  a picture 
of  the  current  market  open  for  the  model  products.  Reasonable  assumptions,  based  on 
the  guidance  of  clinical  research  teams,  will  yield  use  market  projections  for  advanced 
clinical  uses.  Finally,  appropriate  business  risk  analysis  should  be  employed  to  assess  the 
market  risks  for  processes  and  products  as  they  move  from  initial  R&I)  commitment 
through  ground  and  flight  experimentation  to  achieve  successful  flight  production 
demonstrations.  By  offering  these  preliminary  analyses  to  prospective  participators,  much 
useful  data  can  be  obtained  during  the  presentation  itself.  Most  important,  the  potential 
participating  firms  will  be  assured  that  the  presenior  [sic]  has  a business  understanding 
and  an  investment  attitude  appropriate  for  cooperative  endeavors  for  their  mutual  benefit. 

[30)  A hardware  system  that  is  capable  of  producing  a variety  of  products  with  only  minor 
operational  changes,  e.g.,  instrument  settings  and  chemical  substrates,  would  offer  signif- 
icant operational  logistics  and  cost  advantages  to  a producer.  Using  conservative  assump- 
tions based  on  data  from  the  literature,  tempered  by  laboratory  experience,  the 
requirements  for  such  a system  can  be  developed  and  its  significant  operating  character- 
istics can  be  defined.  This  was  the  approach  used  by  MDAC-St.  Louis  to  define  a system 
for  processing  pharmaceuticals  in  space.  All  of  the  twelve  biological  products  reviewed  in 
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tiiis  study  could  exercise  the  system  in  part,  or  in  its  entirety,  thus  supporting  the  concept 
of  a true  multiproduct  system. 

While  this  study  was  done  to  assess  the  commercial  feasibility  of  manufacturing  phar- 
maceutical products  in  space,  it  sta  ves  as  a model  for  those  who  wish  to  consider  other 
processes  or  products  in  the  same  environment.  The  use  of  the  mass  balance  analytical 
concept  forces  a delineation  of  what  must  be  accomplished  in  the  process  for  each  prod- 
uct in  a stepwise  fashion.  The  calculated  quantities  of  materials  at  each  step  will  quickly 
determine  if  the  process  is  feasible  with  current  technology,  where  the  areas  of  informa- 
tion must  be  obtained  to  fill  in  the  gaps,  and  anticipated  recurring  transportation  costs  to 
haul  the  material  to  and  from  space.  While  it  does  not  define  the  total  cost  of  the  system, 
it  does  give  the  prospective  manufacturer  and  NASA  a general  idea  of  the  si/e,  power  and 
weight  of  the  processing  equipment  as  well  as  the  extent  and  type  of  storage  requirements. 
I he  length  of  the  missions  will  be  defined  to  determine  economic  feasibility.  This  will 
have  to  be  interwoven  with  the  NASA  program  and  schedules  to  determine  if,  and  when, 
a vehicle  capability  will  be  available  to  support  such  a manufacturing  facility.  Legal  and 
regulatory  considerations  will  also  have  to  be  defined. 

Recommendations  for  future  work  are  presented.  ...  It  is  recommended  that  drug 
firm  involvement  be  continued  and  encouraged  both  in  ground  research  and  product 
evaluation.  Because  of  companies’  sensitivity  about  government  interference  and  disclo- 
sure of  trade  secrets,  each  company  should  be  dealt  with  on  an  individual  basis  with  some 
other  private  firm  serving  as  a buffer  or  interface  between  the  individual  companies  and 
the*  government.  Heavier  involvement  through  evolutionary  processes  will  probably  lead 
to  direct  participation  in  space  activities.  Such  participation  will  logically  require  a user 
development  laboratory  for  these  companies’  product  developments. 

Document  111-24 

Document  title:  James  Beggs,  Administrator,  NASA,  to  William  Clark,  Assistant  to  the 
President  for  National  Security  Affairs,  August  26,  1983,  with  attached:  John  F.  Yardley, 
President,  McDonnell  Douglas  Astronautics  Company,  to  Tames  Beggs,  Administrator, 
NASA,  August  23,  1983. 

Source:  Ronald  W.  Reagan  Library,  Sima,  California. 

After  an  August  3,  1983,  meeting  with  President  Ronald  Reagan,  John  Yardley , the  president  of 
McDonnell  Douglas  Astronautics  Company,  offered  to  be  the  first  commercial  user  of  a NASA  space 
station.  In  the  interim,  before  the  station  became  operational , Yardley  proposed  manufacturing  fr\ 
using  free-flying  spacecraft.  The  business  plan  revolved  around  the  successful  results  of  experiments 
in  drug  production  almird  the  Space  Sh  uttle. 


August  26,  1983 


Honorable  W illiam  Clark 
Assistant  to  the  President  for 
National  Security  Affairs 
The  White  House 
Washington,  D.C.  20506 

Dear  Bill: 

I just  received  the  | handwritten  underlining]  enclosed  letter  from  John  Yardley  of 
McDonnell  Douglas.  [‘This  is  our”  crossed  out  by  hand  and  replaced  by  handwritten  “re: 
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the”]  [handwritten  underlining]  First  formal  industrial  commitment  to  use  Space  Station 
commercially.  I am  confident  there  will  be  many  more  commitments  of  this  kind  as  we 
move  into  planning  and  implementing  a Space  Station. 

With  best  personal  regards. 


Sincerely, 


[hand-signed:  “Jim”] 

James  M.  Beggs 
Administrator 

| handwritten  note:  “McDonnell  will  go  further  than  this  if  asked.  They  also  would  make 
this  public  if  we  desire  it.”  hand-initialed:  “B”] 

cc: 

Commerce  - Mr.  Baldridge 
CIA  - Mr.  Casey 


23  August  1983 

Mr.  James  M.  Beggs 

Administrator 

NASA 

4th  and  Maryland  Avenues,  S.W. 

Washington,  D.C.  20540 

Dear  Jim: 

Alter  participating  in  the  recent  White  House  meeting  on  commercial  space  activity, 

I thought  it  appropriate  to  review  the  McDonnell  Douglas  Electrophoresis  Operations  in 
Space  (EOS)  Program  relative  to  the  potential  development  of  a man-habited  [sic]  space 
station  by  NASA. 

As  you  know,  McDonnell  Douglas  and  Johnson  & Johnson  are  actively  pursuing  the 
development  of  an  electroplioresis  process  that  will  use  the  gravity-free  environment  of 
space  to  produce  pharmaceutical  products  that  cannot  be  economically  produced  on 
Earth.  We  are  now  developing  our  first  protein  product,  a natural  hormone  currently 
unavailable.  Since  197b,  we  have  spent  many  millions  of  dollars  on  this  effort.  We  have 
been  successful  in  proving  the  validity  of  our  concept  in  our  first  three  Shultle  flights  with 
our  continuous  flow  electrophoresis  research  equipment.  We  are  now  designing  a pro- 
duction version  of  our  system  which  will  fly  in  the  payload  hay  of  the  Shuttle  in  1985  and 
198b  and  therefore,  our  expenditure  rate*  has  greatly  accelerated. 

We  believe  that  the  potential  for  manufacturing  new  and  improved  pharmaceuticals 
in  space  is  real  and  attainable.  While  shuttle-based  research  has  been  successful,  this 
method  is  slow  and  laborious,  [handwritten  underlining]  With  the  opportunity  for 
research  and  development  of  new  products  that  a space  station  would  provide,  we  could 
during  the  1990s  bring  five  times  the  number  of  new  breakthrough  pharmaceuticals  to 
market.  Also,  the  costs  of  development  and  production  of  these  new  products  can  be 
greatly  reduced. 
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Our  recent  work  with  live  cell  material  such  as  the  islets  (beta  cells)  being  studied  in 
cooperation  with  Washington  University  School  of  Medicine  as  a potential  cure  for  dia- 
betes, leads  us  to  believe  that  it  will  be  impossible  to  automate  a facility  that  could  suc- 
cessfully separate  live  cells  by  electrophoresis.  Unlike  protein  materials,  the  sensitivity  of 
[2]  living  organisms,  i.e.,  beta  cells,  to  operating  conditions  within  the  systems  dictates  a 
man  interface  during  processing  to  ensure  their  survival.  If  the  current  treatment  under 
investigation  proves  successful,  it  follows  that  without  a space  station  the  probability  of 
achieving  a population-wide  cure  for  diabetes  is  low. 

As  you  know,  we  are  striving  to  begin  commercial  production  of  our  first  protein  prod- 
uct in  early  1987  or  before.  Because  a space  station  would  not  be  available  until  the  early 
1990s,  we  are  planning  to  use  dedicated  unmanned  free-  flying  spacecraft  for  increased 
production.  Serious  negotiations  are  presently  under  way  with  three  companies  willing  to 
invest  private  funds  to  build  this  spacecraft.  We  look  at  this  initial  commercial  step  as 
being  only  interim. 

We  have  been  encouraged  by  the  progress  NASA  has  been  making  in  defining  such  a 
space  station  program,  [handwritten  underlining]  Consider  this  a formal  request  for  the 
McDonnell  Douglas  KOS  Program  to  be  included  as  the  first  commercial  user  of  a NASA 
space  station. 

Assuming  our  continued  success  in  this  activity,  von  may  consider  this  a formal  com- 
mitment to  use-  the  space  station  as  the  major  base  of  operations  for  carrying  out  and 
expanding  this  new  industry. 

Sincerely  yours, 

|ohn  F.  Yard  ley 
President 

MCDONNELL  DOUGI  AS  ASTRONAUTICS  COMPANY 

Document  111-25 

Document  title:  L.  Smith,  McDonnell  Douglas  Corporation,  “Electrophoresis  Operations 
in  Space,”  briefing  charts,  September  1983,  pp.  6-7,  30. 

Source:  Documentary  History  Collection,  Space  Policy  Institute,  George  Washington 
University,  Washington,  D.C. 

This  McDon  nell  Douglas  viewgraph  summary  of  the  EOS  program  illustrates  that  the  company  had 
prepared  detailed  business  plans  and  saw  potential  profits  in  drug  production  in  space  using  its  elec- 
trophoresis instrument.  It  emphasizes  the  potential  market  growth  and  demand , as  well  as  the  relative 
efjhiemy  of  murogmvity  production  compared  to  similar  terrestrial  production  of  these  drugs. 

ff,|  WHY  SPACE? 

• Gravity  Limits  the  Full  Potential  of  the  Continuous  Flow  System  as  a Commercial 
Process 

• Gravity  Limits  Sample  Concentration,  Flow  Volume,  and  Purity  in  Continuous  Flow 
Electrophoresis 

— 100  to  800  Times  More  Throughput  in  Space  for  Same  Degree  of  Purity  (Varies 
for  Different  Product  Materials) 

— Five  l imes  Improvement  in  Purification  Potential  in  Space 
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• Electrophoresis  Operations  in  Space  Necessary  to  Satisfy  Patient  Population 

— Ground  Scale-up  Costs  Prohibitive  to  Achieve  Meaningful  Plant  Output 

— Price  of  Ground  Derived  Product  Would  Be  Substantially  Higher 

— Purity  Levels  That  Are  Achievable  Only  in  Space  May  Be  Required 


[7] 


INITIAL  BUSINESS  STRATEGY 


Objectives 


Accomplishments 


Find  Pharmaceutical  Company  as  Ortho  Pharmaceutical  Became  Active  Partner 

Active  Partner  in  July  1978 


Obtain  Free  Flights  from  NASA  to  M DAG/ NASA  Joint  Endeavor  Agreement 

Verify  Concepts  and  Equipment  Signed  January  1980 


Optimize  the  Electrophoresis  Process  Five  Years  Development  of  Electrophoresis 
for  Ground  Research  Technology'  1977  Thru  1981 


Ensure  Proprietary  Nature  of  Process  Five  Invention  Disclosures  Written, 
and  Hardware  Two  Patents  Issued,  One  Pending 


Identify  at  Least  One  Product  for  Product  Identified  and  Detail  Market  Research 

Development  and  Marketing  of  Ortho  Confirmed  Large  Market 


Assess  Feasibility  of  EOS  Program  Economic  Feasibility  Established  and  Presented 

Including  Economic  Viability  of  in  Business  Plan  in  June  1981 

Co m merci  al  Phase 


[no  page  number]  PARAMETERS  OF  THE  STUDY 


Number  of  Products 

• 1 Product  Industry 

• 6 Product  Industry 

• 12  Product  Industry 
Market  Capture 

• 25%  Domestic 

• Pharmaceutical  Products  Only 
Modes  of  Operation 

• Shuttle  Sortie 

• Shuttle  + Unmanned  Platform 

• Shuttle  + Space  Station 
Time  Frame 

• Until  the  Year  2000 
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Annual  Market  Potential  for  Electrophoresis 


[30]  CONCLUSIONS 

• Potential  for  Manufacturing  New  and  Improved  Products  in  Space  Is  Real 

• Without  Long  Duration  Capability  Market  Penetration  for  Any  One  Product  Is 
Limited 

• Unmanned  Free  Flight  Support  Will  Allow  Market  Development  for  One  or  More 
Products  Within  the  Limitations  of  the  Space  Transportation  System 

• Manned  Long  Duration  Facility  Can  Provide  the  Basis  for  Industry  Growth  With 
Improved  Economics 


Document  111-26 

Document  title:  U.S.  General  Accounting  Office,  “Commercial  Use  of  Space:  Many 
Grantees  Making  Progress,  but  NASA  Oversight  Could  be  Improved,”  Executive 
Summary,  GAO/NSLAD-9 1-142,  May  1991,  pp.  2-5. 

Source:  Documentary  History  Collection,  Space  Policy  Institute,  George  Washington 
University,  Washington,  D.C. 
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In  / 9 S6,  NASA  initiated  a program  establishing  Centers  for  the  Commercial  Development  of  Space  at 
a number  of  universities.  It  was  aimed  at  encouraging  universities  and  business  to  form  partnerships 
to  perform  ilCfl)  on  space-related  topics . NASA  would  initially  fund  the  program  with  the  expecta- 
tion (hat  the  business  sector  would  eventually  take  oxter  the  funding  responsibilities.  NASA  would  ben- 
efit from  having  customers  who  would  want  to  perform  experiments  in  space , and  the  universities  and 
pnvate  sector  would  benefit  from  the  knowledge — and  profit  potential — of  space  activities.  As  this 
General  Accounting  Office  (GAO)  report  suggests,  this  technological  development  program  had  some 
success,  but  it  did  not  f ulfill  all  of  its  initial  goals. 


1 2]  Executive  Summary 

Purpose 

The  National  Aeronautics  and  Space  Administration  (NASA)  has  long  recognized 
that  to  help  the  United  Slates  maintain  a technological  edge  throughout  the  world,  it 
must  find  ways  to  encourage  and  support  the  development  of  a domestic  commercial 
space  industry.  In  1985,  NASA  began  to  provide  grants  and  other  types  of  support  to  the 
Centers  for  the  Commercial  Development  of  Space  to  encourage  the  melding  of  the 
resources  and  talents  of  government,  industry,  and  academic  institutions  for  researching 
and  developing  space-related  technologies  that  have  potential  commercial  applications. 
After  a limited  period  of  grant  support  of  5 to  7 years,  NASA  expected  the  centers  to 
become  self-sufficient. 

The  Chair,  Subcommittee  on  VA  [Veterans  Affairs],  HI  D [Housing  and  Urban 
Development ) , and  Independent  Agencies,  Senate  Committee  on  Appropriations,  asked 
CAO  to  review  the  extent  of  private  sector  involvement  in  the  centers’  programs,  the  cen- 
ters’ progress  toward  and  prospects  for  self-sufficiency,  and  NASA’s  management  of  the 
program. 

Background 

Through  1990,  NASA  has  provided  about  $81  million  in  grants  to  10  centers,  most  of 
which  are  located  at  state  and  private  universities.  The  centers  work  in  one  of  seven  areas 
of  specialization:  materials  processing,  life  sciences,  remote  sensing,  automation  and 
robotics,  space  structures  and  materials,  space  propulsion,  and  spate  power.  The  centers, 
which  have  operated  from  5 to  5 years,  reported  that  by  the  beginning  of  1990  they  had 
established  about  500  affiliations  with  other  organizations  and  companies,  and  they  had 
completed  over  750  flight  tests  and  other  experiments,  including  18  conducted  in  space. 
At  that  time,  they  were  also  planning  over  300  more  llight  tests. 

Results  in  Brief 

Since  the  inception  of  the  program,  NASA  has  had  some  success  in  establishing  cen- 
ters capable  of  attracting  and  sustaining  industry  interest  and  support.  It  is  too  soon  to 
gauge  the  extent  to  which  the  program  may  ultimately  achieve  its  goals,  although  it  is  clear 
that  the  centers  will  not  become  self-sufficient  in  5 to  7 years.  However,  such  a fixed  peri- 
od of  support  applicable  to  all  centers  fails  to  recognize  differenc  es  among  the  centers. 
Recognizing  such  differences  would  require  NASA  to  establish  grant  support  goals  for  the 
individual  centers  based  primarily  on  the  3 to  5 years'  operating  experience  each  center 
has  had. 

NASA  also  has  opportunities  to  make  improvements  elsewhere  in  the  program.  With 
the  expectation  for  significant  growth  in  the  number  of  [31  future  experiments  requiring 
access  to  space,  the  process  for  evaluating  the  centers'  payload  requests  should  be  exam- 
ined to  ensure  that  it  efficiently  provides  the  desired  mix  of  expertise  to  adequately  review 
requests.  Also,  NASA  needs  to  examine  the  adequacy  of  the  internal  controls  it  employs 
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to  ensure  that  its  accounting  system  contains  timely,  complete,  and  accurate  information 
reported  by  grantees  on  their  uses  of  federal  funds. 

Principal  Findings 

Growth  of  Industry  Involvement  and  Support 

Since  the  inception  of  the  program,  the  centers  have  been  increasing  the  number  of 
organizations  and  companies  with  which  they  have  become  affiliated.  More  importantly, 
the  number  of  such  affiliates  that  represent  industry  has  also  been  increasing,  fiom 
bS  reported  by  6 centers  for  1986  to  an  estimated  199  reported  by  16  centers  for  1990. 

The  level  of  cash  support  the  centers  have  received  from  their  industry  affiliate  s has 
also  been  increasing.  In  1986,  industry  affiliates  provided  less  than  $1  million.  By  1990. 
the  amount  of  Cash  support  from  industry  was  estimated  at  $4.1  million  for  the  13  centers 
that  received  such  support.  The  industry  affiliates  that  were  working  with  a center  in  1989 
had  been  doing  so  for  an  average  of  2.3  years,  and  almost  all  of  them  had  ptovided  cash 
or  other  types  of  support  to  their  center. 

Centers  Will  Not  Be  Self-Sufficient  Soon 

The  proportion  of  centers’  support  provided  by  NASA  grants  has  been  increasing,  not 
decreasing.  For  example,  NASA  provided  28  percent  of  the  centers’  total  support  in  1986, 
but  by  1990  NASA's  share  was  estimated  at  47  percent.  The  centers'  heavy  reliance  on 
NASA  grants  will  continue  for  the  foreseeable  future.  The  main  reason  for  this  pattern  of 
increasing  support  is  that  NASA's  overall  grant  support  to  help  the  centers  fund  the  cost 
of  access  to  spat  e and  the  cost  of  unique  hardware  and  facilities  has  increased. 

None  of  the  center  directors  believe  that  their  centers  will  be  able  to  continue  at  their 
present  levels  of  activity  if  grant  support  is  withdrawn  before  1995.  The  most  optimistic 
directors  believe  their  centers  can  achieve  self-sufficiency  somewhere  between  1995  and 
2000.  At  the  opposite  end  of  the  scale,  five  directors  do  not  ever  foresee  a time  when  their 
centers  will  he  able  to  do  without  NASA  grant  assistance. 

| 1 1 Structure  of  the  Payload  Review  Process  Should  Be  Reviewed 

For  about  2 years  NASA  has  used  a Payload  Selection  Board  to  assist  in  reviewing  the 
centers’  requests  for  flying  their  payloads  on  the  Space  Shuttle.  However,  little  specific 
guidance  has  been  provided  to  Board  members  about  the  review  process  and  what  they 
were  expected  to  contribute  to  it.  Some  Board  members  expressed  uncertainty  and  con- 
cern about  the  process  and  their  role  in  it.  In  addition,  the  Board's  membership,  which 
was  initially  planned  to  include  three  members  representing  industry,  has  not  bad  more 
than  one. 

Availability  of  Good  Fiscal  Information  Should  Be  Ensured 

Timely,  complete,  and  accurate  fiscal  information  on  grantees  is  not  routinely  avail- 
able from  NASA's  accounting  system  because  reporting  requirements  on  the  use*  of  fed- 
eral funds  arc*  not  effectively  enforced.  Even  after  the  reports  are  received,  the* 
information  is  not  routinely  entered  into  the  agencywicle  accounting  letoids  in  a timely 
fashion. 

NASA  accounting  personnel  have  been  able  to  get  the  centers  to  voluntarily  correct 
various  reporting  problems,  including  a number  of  instances  of  erroneous  and  incom- 
plete reporting.  However,  late  reporting  has  proven  to  be  much  more  difficult  to  deal 
wit),.  NASA  accounting  personnel  estimate  that  a majority  of  the  required  quarterly 
reports  are  late*. 

Information  from  grantees'  financial  reports  is  used  to  update*  the  agencywicle 
accounting  records.  I lovvcver,  sometimes  suc  h updates  arc*  not  clone*  until  two  oi  moic 
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quarterly  reports  are  on  file.  NASA  accounting  personnel  frequently  receive  complaints 
about  the  lack  of  current  financial  information  on  grantees  in  the  agencywide  data  base. 

Recommendations 

GAO  recommends  that  the  Administrator,  NASA, 

• establish,  in  consultation  with  each  center,  a grant  support  goal  with  interim  tar- 
gets for  tracking  progress  toward  self-sufficiency  and  for  determining  the  need 
for,  and  to  help  measure  the  results  of,  corrective  actions; 

• review  the  flight  request  and  approval  process  to  ensure  that  the  expertise  need- 
ed for  such  reviews  is  available  in  the  most  efficient  manner  possible  and  that 
those  who  are  asked  to  assess  flight  requests  fully  understand  the  intended  scope* 
of  their  participation;  and 

• assess  and,  as  necessary,  strengthen  the  internal  controls  for  ensuring  that  timely, 
complete,  and  accurate  fiscal  information  on  grantees  is  available  in  NASA’s 
accounting  system. 

Agency  Comments  and  GAO’s  Evaluation 

In  commenting  on  a draft  of  GAO’s  report,  NASA  said  that  it  provides  a useful  com- 
mentary on  one  of  NASA’s  newest  and  fastest  growing  commercial  space  programs.  NASA 
noted  that  GAO’s  recommendations  were  reasonable  and  could  be  implemented. 
However,  while  recognizing  the  slower-than-anticipated  pace  of  the  program,  NASA  said 
that  determining  how  and  when  to  establish  grant  support  time  limits  would  be  consid- 
ered in  the  future.  GAO  believes  that  a grant  program  that  is  essentially  intended  to  lx* 
self-liquidating  must  include  a constantly  visible  grant  support  goal  to  focus  and  encour- 
age each  grantee’s  efforts  to  develop  alternative  revenue  sources.  GAO  recognizes  that 
support  goals  may  change  as  circumstances  warrant,  but  each  such  change  should  be  a 
highly  visible  management  action  subject  to  review  and  to  a determination  that  the 
change  in  the  goal,  rather  than  grant  termination,  is  justified. 

NASA  also  offered  other  specific  suggestions,  which  GAO  incorporated  into  the 
report  where  appropriate.  . . . 
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sized  in  favor  of  public  and  social  benefits.  The  objective  of  the  technology  transfer  progam  was  pri- 
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Proposal  for  Enhancing  NASA  Technolog)' 
Transfer  to  Civil  Systems 

Septe  mber  2b,  1969  . . . 

[1]  CHAPTER  III 

Objectives 

Since  the  assignment  for  this  study  was  phrased  in  very  general  terms,  it  was  helpful 
initially  to  break  down  the  subject  matter  into  manageable  categories.  The  following  list 
indicates  the  scope  of  the  study,  with  the  understanding  that  it  represents  a selection  of 
the  most  important  elements,  without  which  one  cannot  obtain  a valid  picture.  1 he  objec- 
tives flow  quite  naturally  from  the  list. 

1)  Examine  the  current  status  of  Federal  public  policy  for  R&D,  with  emphasis  on  con- 
gressional and  public  attitudes  and  the  guidance  of  the  While  House  advisory 
organizations. 

2)  Understand  the  history  and  nature  of  NASA  as  a national  R&D  r esource. 

3)  Obtain  some  feeling  for  the  diversified  and  scattered  NASA  activities  in  non- 
aerospace  and  non-aerotiautical  R&D.  How  did  these  projec  ts  arise,  how  are  they  jus- 
tified and  funded,  and  why  are  they  relatively  inconspicuous  within  NASA’s  program 
structure? 

4)  What  is  the  c urrent  best  understanding  of  the  nature  of  technology  transfer  among 
government,  industry,  universities,  and  institutes?  What  is  NASA's  perceived  role  and 
effectiveness? 

5)  Assemble  a list  of  national,  civil,  social  problem  areas  that  have*  some  obvious  tech- 
nolog) components. 

6)  Develop  generalized  criteria  for  evaluation  of  the  above  in  order  to  reduce  the  list  to 
a fewer  number  suitable  for  NASA  interest  and  investigation. 

7)  Recommend  a small  number  of  problems  for  serious  consideration  as  NASA  chal- 
lenges, with  appropriate  suggestive  pros  and  cons  for  each. 

8)  Propose  policy,  organizational  adaptation,  and  actions  that  NASA  might  consider  to 
enhance  its  responsiveness  and  contributions  to  the  public  welfare,  in  addition  to  its 
major  responsibility  for  assigned  missions. 

[2 1 CHAPTER  IV 

Observations  and  Recommendations 


I - ( )bscrvations 

E NASA  possesses  certain  unique  talents  and  experience  that  are  relevant  to  tec  hnolo- 
gy' needs  of  public  problems,  either  directly  or  with  minor  modification.  These  are 
generally  in  the  c ategories  of  specific  technology,  systems  engineering,  and  organiza- 
tion and  management. 

2.  NASA  is  faced  with  an  opportunity  to  take  new  organizational  and  program  initiatives 
to  apply  a small  portion  of  its  resources,  say  two  percent,  on  a continuing  basis  to  tech- 
nology applications  in  public  fields, 

3.  There  are  many  indications  that  the  public  and  government  environment  is  now  gen- 
erally favorable  to  such  initiatives  if  they  are  convincingly  explained  and  vigorously 
advoc  ated.  Although  some  political  and  jurisdictional  problems  will  he  encountered, 
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an  appropriate  and  timely  action  by  NASA  is  expec  ted  to  be  welcomed  and  support- 
ed. I believe  it  would  also  strengthen  NASA’s  “mainstream”  plans  and  programs. 

4.  There'  is  a reservoir  of  potential  support  among  NASA  people,  based  on  response  to 
challenge  and  social  sensitivity  and  altruism.  An  overt  organizational  step  toward 
social  application  of  technology,  no  matter  how  restricted  and  c autious,  would  gener- 
ate considerable  enthusiasm.  There  would  also  be  opposition  based  on  resistance  to 
change,  administrative  obstacles,  and  dislike  of  unfamiliar,  difficult  and  frustrating 
problems. 

5.  I find  no  difficulty  in  extending  NASA’s  technology  charter  to  include  direct  partici- 
pation in  civil  problems  of  national  scope.  NASA  does  study,  penetrate  and  exploit 
unconventional  and  hostile  environments  for  man,  such  as  zero  gravity,  underseas, 
radiation,  aeronautical  flight  conditions,  closed  life  cycle,  extreme  temperatures,  vac- 
uum, etc.  Since  hostile  environments  can  be  natural  or  social,  we  can  also  include 
crowding,  malnourishment,  air  and  water  pollution,  noise*  pollution,  violence  and 
insecurity,  fear,  economic  dislocation,  resource  depletion,  earthquakes,  destructive 
storms,  and  one  can  go  on  as  far  as  one  wishes  to  include  most  of  t lie  social  ills  of  our 
time. 

f).  There  should  be  no  doubt  that  NASA’s  primary  job  is  space  exploration  and  space1 
operations  as  well  as  aeronautical  R&D.  I believe  that  the  Apollo  achievement  pro- 
vides an  appropriate  time  to  propose  that  technology  transfer  to  serve  public  and 
social  purposes  is  now  a major  concern  of  the  Agency,  that  it  will  be*  pursued  with  the 
same  mission-oriented  concentration  that  characterized  the  space  program.  This  new 
policy  does  not  preclude*  a c areful  approach  to  unfamiliar  application  environments. 
We  have  to  try  to  structure  as  favorable  an  environment  as  possible  in  order  that  our 
technology  contributions  have*  a maximum  impact. 

[5]  7.  NASA  needs  a strong  and  visible  focus  for  people  and  ac  tivities  involved  in  new 
arrangements,  new  technology  and  new  applications  to  civil  and  social  problems. 

Recommendations 

1.  1 recommend  the  formation  of  a new  Program  Office  (Office  of  Civil  Systems 

Technology)  to  assume  responsibility  for  all  of  NASA's  technology  activities  for  public 
programs,  with  the  exception  of  those  direc  tly  tied  to  aeronautics,  space  exploration 
and  space*  operations.  The  basic  components  of  the  Program  Office  are: 

a)  An  Advisory  Council  for  policy  guidance,  composed  of  people  from  induslrv, 
f rom  other  NASA  Program  Of  fices,  the  Administrator’s  office.  Of  fic  e*  of  I)OI)  and 
Interagency  Affairs,  Office  of  Policy,  (National  Science  Foundation,  President’s 
Sc  ienc  e*  Advisory  Committee,  Offic  e of  Science  and  Technology],  Bureau  of  the 
Budget,  and  possibly  other  agencies. 

b)  Technology  I’tilization.  1 believe  that  this  activity  would  be*  more  eff  ective  in  a line 
technical  organization  directly  related  to  its  function,  rather  than  in  an  adminis- 
trative* staff  organization. 

c)  Market  Research  and  Requirements  Analysis  Division  to  provide  initial  technical 
and  feasibility  analysis  of  proposed  problems,  evaluation  of  NASA  capabilities, 
projection  of  evolving  technical  needs  in  public  problem  areas,  interaction  with 
NAF,  [National  Academy  of  Sciences!  and  other  agencies  and  industry,  state-of- 
the-art  studies,  and  exploratory  technology  studies  to  provide  a basis  for  NASA 
decisions. 

d)  A program  management  organization  dial  will  coordinate*  projects  in  being,  ini- 
tiate new  efforts,  c hannel  information  from  projec  ts  to  management  and  other 
agenc  ies,  and  act  as  “customer  representatives"  or  “account  executive's”  for  out- 
side agencies  concerned  with  NASA  work  under  the  Program  Office. 
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(*)  A Special  Mission  Development  Division  that  will  concern  itself  with  implement- 
ing standard  and  innovative  institutional  arrangements  with  other  agencies  and 
interests,  such  as  special-purpose  institutes,  seminars,  training  agreements,  devel- 
opment of  R&l)  cadres  for  other  agencies,  NASA-indusiry  cooperation  for  specif- 
ic purposes,  assistance  to  public  affairs  objectives,  and  other  administrative  and 
management  support  for  the  Program  Office. 

I emphasize  that  no  scientific  and  technological  work,  other  than  the1  Market 
Research  and  Mission  Requirements  Analysis,  is  to  be  performed  in  the  Program  Office. 

I he  reservoir  of  technology  resource's  will  be*  in  the1  Centers,  industry,  universities  and 
institutes.  The  Program  Office  acts  as  the  integrative  mechanism  for  policy,  decision  mak- 
ing, planning,  allocation  of  resources,  program  control,  communication  and  progress 
reporting. 

[4  | 2.  After  deciding  on  its  desired  course,  NASA  management  should  conduct  a discreet 
program  of  persuasion  among  leaders  of  Congress,  Bureau  of  the*  Budget,  Office  of 
Sc  ience  and  Technology,  other  government  agencies,  private*  industry,  and  others  to 
gain  prior  acceptance  of  the  policy. 

5.  NASA  management  should  identify  at  Headquarters  and  in  the*  ( enters  existing  and 
potential  capabilities  applicable  to  those  programs  and  opportunities  deemed  worthy 
of  NASA  participation.  Of  particular  interest  are  people  who  would  wish  to  apply  their 
skills  and  experience  in  new  need  environments. 

].  NASA  should,  after  application  of  proper  criteria  and  adequate  problem  definition 
studies,  select  a limited  number  of  promising  challenges,  negotiate  the*  required 
agreements,  develop  objectives,  assign  resources  and  move  ahead  under  a new  major 
Program  Office  as  it  normally  does  when  assuming  new  missions.  NASA  identifica- 
tion, in  the*  scientific  and  technical  communities  and  in  the*  public  eye,  with  a limited 
number  of  major  programs  of  perceived  urgency  will  follow  naturally. 

5.  I he  new  activity  should  receive  separate  funding  as  a line  item  titled,  "non-aerospace 
technology  transfer  and  applications"  to  maintain  its  identity  and  permit  adequate 
congressional  exposure. 

II  - ( )bservatic >n 


Although  a broad  management  consensus  and  policy  are  lacking,  NASA  currently  has 
an  impressive  number  of  projects,  some  of  them  quite  promising,  relating  directly  to  pub- 
lic* problem  areas.  Many  of  them  do  not  show  up  in  the  formal  management  control  sys- 
tem. Some  of  them  arc*  disguised,  some  are  bootlegged,  whereas  some  are  shown  explicitly 
in  the  formal  system.  It  would  be  a formidable  task  to  assemble  them  for  consideration  as 
a single*  group,  but  it  would  be  extremely  useful  to  do  so,  if  only  to  provide  integrative 
management  and  source  information  for  a splendidly  cogent  answer  to  the  question  of 
what  NASA  is  now  doing  for  the  common  man. 

Recommendation 


NASA  should  organize  a team  effort  to  visit  all  the  Centers,  dig  into  and  underneath 
the*  formal  documentation,  interview  key  people,  and  assemble  a current  catalog  of  efforts 
applicable  to  public  problem  fields,  in  accordance  with  clearly  understood  criteria.  This 
information  should  he*  kept  current  and  be  made  available  to  NASA  public  affairs,  con- 
gressional relations  and  top  level  NASA  staff,  as  well  as  to  other  government  agencies, 
| Office  of  Science  and  Technology,  Bureau  of  the  Budget],  etc.  It  is  important  to  make 
this  largely  invisible  activity  respectable  and  subject  to  evaluation,  planning,  and  manage- 
ment awareness. 
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15]  III  - Observation 

It  is  a fac  t that  NASA  is  held  up  as  a model  of  spectacular  achievement  in  difficult 
problem  areas.  It  does  not  matter  to  the  public  that  there  is  a wide  difference  between 
NASA’s  technology  accomplishments  and  desired  accomplishments  in  social  areas  and 
that  comparison  of  the  two  is  illogical  and  uninformed.  The  reality  of  the  situation  is  that 
NASA  is  perceived  by  the  public  (and  the  Congress)  as  a ray  of  hope  and  a source  of 
potential  leadership  and  help  with  problems  that  are  deeply  and  emotionally  felt.  Arguing 
that  space  problems  and  social  problems  are  vastly  different  and  that  the  latter  are  much 
more  difficult  will  have  little  effect  on  the  public  other  than  causing  bitterness  toward 
NASA  and  the  space  program. 

Re  commendation 


NASA  should  make  a dear  (but  not  defensive)  statement  to  include: 

a)  An  unequivocal  determination  to  continue  primary  work  in  space  exploration 
and  aeronautics. 

b)  A persuasive  summary  of  NASA’s  impact  on  science,  technology,  the  nation’s 
economy,  and  tlu*  quality  of  life  in  this  country. 

c)  What  NASA  is  doing  today  to  help  solve  social  and  civil  problems  of  national 
importance.  This  is  actually  quite  impressive*  when  properly  presented. 

d)  An  intention  to  develop  new  areas  for  NASA  participation  in  solving  civil  systems 
problems,  with  an  outline  of  Organizational  and  policy  steps  taken  or  to  be  taken. 

IV  - Observation 


NASA  does  a poor  job  of  bringing  its  scientific  and  general  tec  hnology  ac  tivities  to 
public  attention. 

Recommendation 


A special  public  relations  effort  should  be*  mounted  in  connec  tion  with  NASA's  work 
h>r  public  welfare  and  social  progress.  Enough  material  for  successful  exploitation  exists 
at  present  and  more  should  be*  available  later.  Recent  speeches  by  NASA  officials  have 
been  less  than  inspirational  on  the  subject  of  NASA  and  its  relationship  to  the  needs  of 
the  nation.  We  must  appreciate  and  counter  the  fac  t that  the  space  program,  although 
exciting  and  challenging  to  the  imagination,  is  unfortunately  remote  from  the  daily  con- 
cerns of  the  common  man. 

[ f) | V - Observation 

As  far  as  the*  public  is  concerned,  NASA  has  expertly  demonstrated  the  ‘Vital’’  and  the* 
“how”  of  space  exploration,  hut  has  not  been  as  artic  ulate  or  successfully  communicative 
with  the  why  of  space  exploration.  Similarly,  there  is  inadequate  understanding  of  the 
impact  that  NASA  has  had  and  is  c ausing  in  technology,  the*  economy,  and  the  quality  of 
life,  although  some  perceptive  observers  have  recently  begun  to  understand  this  question 
in  its  truly  dramatic  sense. 

Recommendation 


A comprehensive  study  of  the  national  impact  of  space  exploration  and  technology, 
far  broader  than  anything  yet  attempted,  would  be  extremelv  valuable.  In  Chapter  IX, 


Exploring  imp  Unknown 


“NASA  Social  Impact,”  I have  suggested  some  of  the  unique  and  impressive  contributions 
attributable  to  NASA.  This  list  could  serve  as  a tentative  outline  for  such  a study. 

VI  - Observation 


One  frequently  hears  and  sees  in  print  the  statement,  “If  we  can  put  a man  on  the 
moon,  we  should  lx*  able  to  do  so-and-so.”  “So-and-so”  usually  is  a complex  social  problem. 

Recommendation 


I he  proper  response  to  this  hostile  or  uninformed  statement  should  be  to  point  out 

that: 

a)  The  Apollo  program  had  a clear  and  unambiguous  objective,  a realistic  time  peri- 
od, an  unrestricted  long-range  allocation  of  resources,  consistent  support  and  a 
continuing  commitment,  an  available*  source  of  people,  technology  and  building 
blocks  of  organization,  high  morale  and  committed  people,  and  a central  author- 
ity to  run  the*  program.  It  also  had  no  opposing  vested  interests. 

b)  The  typical  social  problem  has  no  clear  and  unambiguous  objectives,  no  long- 
range*  allocation  of  resources,  spotty  and  controversial  support,  inadequate  num- 
bers of  skilled  people,  inadequate  technology  and  lack  of  applications 
experience,  no  measures  of  progress,  inadequate  or  non-existent  organizations  to 
lean  on,  and  generally  no  central  authority  to  organize  and  run  the  program.  A 
powerful  space*  technology  cannot  solve  all  these*  problems.  It  c an  only  help  when 
the  soc  ial  problem  environment  is  ready  to  accept  and  use*  the*  technology-'. 

1 71  VII  - Observation 


In  social  problems,  there  arc*  many  hazards  and  obstacles  to  the*  successful  application 

of  technology. 

Rec  ommendations 

1 . In  selecting  technology  areas  to  work  on,  primary  emphasis  should  be*  placed  on  those 
that  derive  from  space  capabilities  in  a rather  direct  manner.  Then  we*  should  consid- 
er those  that  require  talents  and  technology  unique  to  NASA.  Then  we*  should  con- 
sider minor  modifications  and  conversions  of  NASA  tec  hnology;  Following  that,  we 
would  consider  major  modifications  of  NASA  technology  and  significant  investments 
in  applying  NASA  technology  to  new  needs.  Finally,  we  might  consider  the*  generation 
of  new  technology  that  does  not  e*xist,  that  no  one  is  working  on,  and  where  we  have 
reason  to  expect  a high  probability  of  success.  I use  the  term  “technology”  to  include 
both  hardware*  and  software  as  well  as  organizational,  management,  procurement, 
legal,  personnel,  and  leadership  skills  residing  within  NASA.  (Spec  ific  criteria  for  eval- 
uation of  proposed  opportunities  are  discussed  in  Chapter  XI,  and  some  of  the  pit- 
falls  in  social  fields  are  mentioned  in  Chapter  VII.) 

2.  Certain  safeguards  and  cautions  must  be  applied  to  prevent  premature,  inadequate  or 
technic  ally  unsound  approaches  to  problems.  Certain  kinds  of  problems,  particularly 
where  technology  is  not  the  dominant  deficiency,  should  not  he  touched  until  the 
environment  is  more  favorable*  for  achievement.  Certain  problems  are  and  will  be* 
in  trac  table  or  unattractive  for  some  ye*ars.  These  factors  are  discussed  further  in 
Chapter  XI  of  this  report. 

3.  In  general,  I feel  that  NASA  should  avoid  basic  research,  hardware*  development  that 
can  be*  done  by  industry,  social,  psychological,  behavioral  or  sociological  studies. 


552 


Spack  as  an  Investment  in  Economic  Growth 


operational  functions,  minor  or  trivial  projects,  anything  in  which  industry  or  gov- 
ernment already  has  a heavy  investment  and  on-going  work,  anything  lacking  a direct 
link  to  NASA  skills  and  experience,  undertakings  lac  king  definable  goals  and  with  a 
very  long-range  payoff,  and  projects  without  a reassuring  prospec  t of  success  for  the* 
overall  (not  only  the*  technological)  objectives. 

VI I I - Observation 

NASA  has  a very  creditable1  record  of  interagency  cooperation  and  coordination. 
Some  innovative  and  imaginative  initiatives  have  been  taken  by  Headquarters  and  by  the 
Centers  but  have  not  exhausted  the  possibilities  for  further  development  of  technology 
transfer  arrangements. 

[S]  Recommendations 

1.  NASA  should  critic  ally  examine1  its  current  work  for  other  government  agenc  ies  with 
a view  to  trimming  it  down  to  significant,  c hallenging,  and  promising  ef  forts  for  whic  h 
NASA  has  a unique  capability.  We  should  not  be*  a generalized  R&D  job  shop  for  other 
agencies,  nor  should  we  do  in-house  work  that  can  be  purchased  on  contract  from 
industry  or  universities. 

2.  NASA  should  broaden  its  policy  of  interagency  cooperation  to  accommodate  a spec  - 
trum of  modes  to  satisfy  dif  ferent  needs  and  conditions.  I would  include: 

a)  On-the-job  training  of  personnel  from  other  agencies  on  NASA  activities' — an 
excellent  start  has  been  made  with  the  Army. 

b)  Dedication  of  specialized  personnel  lo  specific  tasks  for  other  agencies. 

c)  Transfer  of  fac  ilities  and  operating  staff  under  certain  conditions  lo  other  agen- 
cies. 

d)  Exchange  personnel  with  other  agencies  by  sabbaticals  and  training  assignments. 

e)  Joint  creation  with  other  agencies  of  special-purpose  research  institutes.  (For 
example,  possibilities  might  lx*  aircraft  structures,  urban  systems  engineering, 
crime  technology,  building  systems  research,  highway  safety,  synthetic  food 
research,  and  air  traffic  control.) 

f)  Creation  within  NASA  of  cadre  R&l)  organizations  to  work  on  technology  prolx 
leins  of  other  agenc  ies  with  a commitment  to  transfer  a produc  tive,  mature  and 
viable  activity  to  the  other  agency  after  a number  of  years.  Although  many  admin- 
istrative problems  will  be  encountered,  1 believe  they  can  lx*  solved  if  the  basic 
policy  enjoys  strong  manageme  nt  support. 

IX  - Observations 

l.  One  hears  a frequent  criticism  that  spinoff  from  the  space  program  has  done  little*  or 
nothing  for  business.  I take  a dim  view  of  prospects  of  dramatic  suc  cess  in  this  area.  In 
general,  small  business  is  not  interested  in  knowledge  per  se,  it  merely  wants  a speeiiie 
product  or  production  technique  problem  to  be  solved.  Our  ITcchnology  Utilization! 
program,  which  dispenses  knowledge,  information  and  reports  finds  an  unresponsive 
recipient  in  small  business,  in  spite  of  its  many  innovative  attempts  to  identify,  pac  kage 
and  push  its  product.  Since  we  cannot  send  |9|  government  or  contrac  t engineers  to 
small  business  to  solve  their  specific  problems,  we  will  continue  to  hear  their  com- 
plaints for  many  years.  Until  small  business  realizes  that  it  must  develop  the  recipient 
capability  either  by  individual  or  group  initiatives  (industry  or  trade  associations),  it 
will  look  longingly  and  grudgingly  at  government  R&l)  expenditures.  Nevertheless, 
government  must  continue  to  trv  to  develop,  bv  every  feasible*  means,  its  flow  of  lech- 
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nology  information  to  small  business.  Big  business  can  take  care  of  itself  since  it  is  lu- 
quently  the  depository  for  technology  or  it  knows  how  to  obtain  and  use  it. 

2.  NASA's  Technology  Utilization  program  has  been  the  subjec  t ol  contentious  discus- 
sion over  the  years"  What  many  people  fail  to  realize  is  that  tec  hnology  transfer  is  a 
social  communication  process  that  is  just  now  beginning  to  be*  understood.  The  capa- 
bility of  the  sourc  e to  direct  and  push  application  of  technology  is  severely  limited. 
The  entrepreneurial  element  is  often  lacking  and  the  receptor  environment  is  often 
unresponsive.  Neither  can  be  controlled  by  the  source  ol  the  technology. 
Documentation,  screening,  identification  and  dissemination  are  absolutely  necessaiy 
but  are  not  sufficient  to'  Mnsure  the  use  of  the  technology'.  These  activities  are 
among  the  least  potent  factors  in  stimulating  the  movement  and  use  of  technology'. 

Recommendation 

NASA  should  re-affirm  its  commitment  to  technology  transfer  in  its  broadest  sense,  to 
the  private  sector  of  the  economy  and  to  other  government  entities.  There  should  he  less 
emphasis  on  devices,  techniques,  materials  and  components  since  we  know  that  repeated 
enumeration  of  these  items,  while  impressive  to  engineers,  is  less  than  persuasive  to  the 
public.  The  major  emphasis  should  be  on  direct  technolog)'  support  of  a small  number  of 
major  programs  and  missions  of  government  and  industry,  especially  in  innovative 
arrangements  that  help  other  organizations  to  apply  existing  technology  more  effectively. 
The  cooperative  efforts  of  people  should  be  stressed  rather  than  the  dissemination  of 
technical  documentation  and  the  natural,  long-term,  diffusion  of  space  technology.  NASA 
needs  to  accept  the  principle  that  there  is  no  easy  shortcut  method  of  technology  transfet 
(Chapter  VI).  The  most  effective  methods  involve  the  generous  giving  of  our  resources 
with  no  other  consideration  than  being  of  service.  This  idea  runs  counter  to  convention- 
al indoctrination,  but  it  produces  new  challenge  and  the  kind  of  dynamism  in  an  R&D 
organization  that  NASA  needs  to  foster  at  this  point  in  histoiy.  . . . 

Document  111-28 

Document  title:  F.  Douglas  Johnson,  Panayes  Gastseos,  and  Emily  Miller,  with  assistance 
from  Charles  F.  Mourning,  Thomas  Basinger,  Nancy  Gundersen,  and  Martin  Kokus, 
“NASA  Tech  Brief  Program:  A Cost  Benefit  Evaluation,”  Executive  Summary,  University 
of  Denver  Research  Institute,  Contract  NASW-2892,  May  1977,  pp.  i-iii. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

/„  the  mid- 1 ^7 1 Is.  white  NASA  \ budget  was  declining  from  its  peak  spending  period,  a sines  of  eco- 
nomic evaluation  studies  was  commissioned.  The  main  purpose  of  these  studies  was  to  bolster  the 
arguments  for  increased  funding  based  on  the  premise  that  the  cumulative  benefits  from  NASA  RiSfD 
were  large  enough  for  the  nation  to  continue  to  invest  in  space.  Because  NASA  had  an  active  tech- 
nology transfer  program  in  place,  the  monitoring  of  this  program  for  economic  impacts  and  case 
analyses  was  important  information  to  document  the  spinoff  benefits.  The  Turners, ly  of  Denver 
Research  Institute  had  the  ongoing  contract  for  collecting  this  information.  I his  study  was  perfumed 
to  estimate  aggregate  benefits  from  the  information-disseininat ion-based  technology  transfer  program. 
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NASA  Tech  Brief  Program: 

A Cost  Benefit  Evaluation 

May  1977 

( i 1 KXE(  :i  riVK  SUMMARY 

A cost  benefit  study  of  the  NASA  Tech  Brief  Program  was  conducted  by  the  Denver 
Research  Institute  under  contract  to  the  Technology  Utilization  Office.  Net  benefits  to 
public  and  private  sector  organizations  due  to  Technical  Support  Package  ( I'SP)  requests 
between  1971  and  mid-1976  were  statistically  estimated  from  random  sample  data. 
Program  operating  costs  for  the  same  time  period  were  based  on  a unit  cost  analysis  con- 
ducted by  the  [Technology  Utilization  Office]  Program  Evaluation  and  Control  Division. 
The  study  objectives,  methodology'  and  results  are  summarized  below. 

Objectives 


1 lie  lech  Brief /TSP  Program  is  one  of  several  operational  mechanisms  in  the  NASA 
Technology'  Utilization  [TUJ  Program  designed  to  transfer  aerospace  technology'  to  both 
public  and  private  sectors  of  the  economy.  It  is,  however,  the  oldest  of  these  mechanisms, 
dating  back  to  1 965,  and  has  been  one  of  the  principal  mainstays  of  NASA's  technology 
transfer  efforts  over  the  years.  Tech  Briefs  and  other  new  technology  announcements  pub- 
lished  by  the  TU  Program  have  generated  an  annual  average  of  over  26,000  inquiries  since 
1964.  In  addition,  NASA  has  maintained,  under  contract,  a data  bank  on  requests  and 
applications  for  new  technology  announced  by  Tech  Briefs  since  1968.  This  data  bank 
contains  over  120,000  entries  and  provides  one  of  the  most  complete  records  of  any  tech- 
nology' transfer  program  operated  by  the  Federal  Government.  Based  on  the  availability 
of  data  and  the  request  by  Congress  in  the  FY  1977  NASA  Authorization  Bill  to  conduct 
a (OSt  benefit  follow-up  analysis,”  the  Agency  elected  to  study  its  Tech  Brief/TSP 
Piogi  am.  I lie  second  objective  for  this  study'  was  to  develop  an  evaluation  method  which 
satisfies  the  Office  of  Management  and  Budget  guidelines  for  evaluation  managements. 

Methodology 

Between  1971  and  mid-1976,  72,500  I SP  requests  due  to  Tech  Briefs  were  recorded  in 
the  data  bank  and  15,500  questionnaires  had  been  returned  from  the  ongoing  six  month 
mail  questionnaire  survey’.  A two-tiered  random  sample  of  questionnaires  was  selected  to 
assure  a 95  percent  confidence  level  for  extrapolating  the  sample  data  to  the  entire  popu- 
lation of  I SP  requests.  Structured  telephone  interviews  were  conducted  for  the  second  tier 
random  sample  cells  defined  by  request  year  and  questionnaire  responses. 

[ii]  I he  interview  data  included  responses  to  the  following  questions: 

a)  W hat  specific  use  was  made  of  the  TSP  (e.g.,  information  source  on  solar  energy 
or  developed  new  computer  control  software  for  chemical  processing)? 

b)  What  costs  and  gross  benefits  are  directly  attributed  to  the  particular  I SP,  how 
weie  these  quantities  estimated,  and  when  did  they  occur  (e.g.,  number  of  hours 
saved  in  1972  times  the  hourly  rale  including  overhead)? 

Only  data  which  satisfied  federal  guidelines  on  costs  and  benefits  were  accepted  for 
analysis.  Standard  statistical  methods  were  used  to  estimate  three  probability  distributions 
for  the  sample  data,  and  an  expected  net  benefit  value  per  TSP  request  was  calculated 
fiom  these  distributions.  I he  expected  net  benefit  per  request  was  multiplied  by  the  total 
requests  to  obtain  the  estimated  total  benefits  from  requests  made  between  1971  and  mid- 
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1976.  'This  figure  includes  net  benefits  which  are  expected  to  occur  after  197b,  with  some 
net  benefit  streams  continuing  into  the  1980's. 

NASA  costs  were  calculated  for  each  operating  year  by  multiplying  the  total  units 
(e.g.,  I'ech  Briefs  published  and  mailed,  I SP’s  reproduced)  times  the  cost  per  unit.  Unit 
costs  were  estimated  by  experienced  TU  personnel  for  all  direct  and  indirect  cost  factors. 

Total  net  benefits  to  users  were  divided  by  NASA  costs  to  calculate  a bene  fit -to-cost 
ratio  for  the  Program. 

Results 


The  benefil-to-cost  ratio  for  the-  I’ech  Brief /TSP  Program  is  between  10:1  and  about 
11:1.  The  total  NASA  costs,  discounted  to  1970,  were  $6.4  million  for  the  five  and  one-half 
year  period.  Total  net  benefits,  discounted  to  1976,  were  between  $05.8  million  and 
$72.5  million  for  requests  made  in  tin*  same  time  period.  Federal  tax  revenues  due  to  cor- 
porate taxes  only  for  these  net  benefits  were  estimated  to  be  from  one  and  one-half  to 
three  times  the  Program  costs,  which  indicates  that  these  costs  are  more  than  recovered 
without  charging  for  the  documents. 

Applic  ations  for  TSP’s  were  characterized  in  four  application  modes,  each  having  an 
expected  net  benefit  and  probability  of  occurrence: 

Mode  0 - no  application,  $0  net  benefit;  54%  chance. 

[in  | Mode  1 - information  acquisition,  $100  net  benefit,  54%  chance. 

Mode  2 - improved  process,  product  or  service,  $5,000  net  benefit,  1 1%  chance. 

Mode  5 - new  process,  product  or  servic  e,  $22,600  to  $51,100  net  benefit,  1%  chance. 

The  expected  net  benefit  per  TSP  request  is  about  $875,  but  three  out  of  five  requests 
produce  net  benefits  less  than  $100. 

The  beneiit-to-cost  ratio  is  quite  good  for  any  type*  of  government  program,  and  it 
compares  very  favorably  with  the  results  from  other  technical  information  dissemination 
programs.  The  overall  assessment  for  the  lech  Brief/TSP  Program,  based  on  qualitative 
data  from  the  interview  sample,  is  also  good.  A high  potential  for  improving  the  Program 
was  indicated  by  f urther  statistical  analyses  of  the  data  and  opportunities  for  doing  so  arc 
recommended. 


Document  111-29 

Document  title:  Robert  J.  Anderson,  Jr.,  William  N.  Lanen,  and  Carson  E.  Agnew,  with 
Faye  Duchin  and  E.  Patrick  Marfisi,  “A  Cost-Benefit  Analysis  of  Selected  Technology 
Utilization  Office  Programs,”  Executive  Summary,  MathTech,  Contract  NASW-2731, 
November  7,  1977,  pp.  1-6. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 

As  a followup  to  the  March  1976  Mathemalica  study,  MathTech,  the  successor  company  of 
Mathematica,  analyzed  the  benefits  and  costs  of  several  successful  tech  nology  tra  nsfer  office  projects. 
The  study  added  to  the  succession  of  very  positive  benefit-cost  ratios  that  NASA  was  generating  dur- 
ing this  era  in  its  budget  support  activities  and , in  particular,  for  the  support  of  the  technology  trans- 
fer budget.  The  economic  methodology  was  straightforward  and  well  documented.  However,  the 
narrow  focus,  which  included  only  the  costs  assodated  with  technology  transfer  activities,  tended  to 
overstate  the  ratios  and  results. 
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A Cost-Benefit  Analysis  of  Selected 
Technolog)7  Utilization  Office  Programs 

November  7,  1977 

[ 1 ] EXE(  :i  FIVE  SI  r M MARY 

Since  its  establishment  in  1 958,  the  National  Aeronautics  and  Space  Administration 
(NASA)  has  played  a major  role  in  technology  transfer  through  activities  which  encour- 
age the  adoption,  by  other  sectors  of  the  economy,  of  technologies  or  techniques  devel- 
oped for  the  space  program.  To  provide  a formal  program  to  support  and  monitor 
technology  transfer,  NASA,  in  1962,  established  its  Industrial  Applic  ations  Of  fice,  the  pre- 
decessor of  today's  Technology  Utilization  Office  (TUO). 

This  summary  briefly  reports  the  results  of  a study  applying  standard  methods  of  cost- 
benefit  analysis  to  selected  program  activities  managed  by  TUO.  Our  primary  objective  in 
the  study  is  to  analyze*  the  costs  and  benefits  of  selected  TUO  activities,  based  upon  avail- 
able data. 

In  order  to  meet  this  objective,  we  have*  selected  a subset  of  I UO  s projects  or  activi- 
ties for  analysis.  The  main  criterion  for  selection  was  tlu*  availability  of  data.  To  ease  the* 
burden  of  data  gathering,  we  have  furthe  r limited  the  activities  examined  to  those  con- 
ducted during  the  period  1970  to  1976.  Nevertheless,  the  available  data  for  the  projec  ts 
we  have*  selected  are  sometimes  incomplete,  or  are  subject  to  considerable  uncertainly. 

The  individual  activities  that  we  have  analyzed  arc*  grouped  into  two  general  cate- 
gories: information  activities  and  applications  projects.  Information  ac  tivities  are  directed 
toward  the  production  and  dissemination  of  documents  describing  NASA  technology  as 
well  as  computer  programs  and  documentation.  Application  projects  are  designed  to  sup- 
port the*  transfer  of  a specific  technology  or  technique  by  participating  with  others  in  the* 
(2 1 development  of  a new  product  or  process. 

We  have  estimated  two  different  indicators  of  value  for  each  activity/ project  we  exam- 
ine. For  both  information  activities  and  applications  projects,  we  estimate  the  benefits 
which  are  directly  associated  with  TUO's  costs.  For  convenience  we  will  call  these  “TUO 
Benefits.”  The  “cost-benefit  test”  which  we  make  in  each  of  Our  analyses  of  TUO  activities 
consists  of  comparing  TUO  benefits  with  tin*  TUO  costs  of  the  activity  generating  them. 
If  TUO  benefits  exceed  TUO  costs,  the  activity  passes  the  cost-benefit  test.  This  is  an  indi- 
cation that  society  gained  more  from  TUO’s  activities  (in  the  form  of  new  information, 
new  processes,  or  new  products)  than  it  lost  in  the*  taxes,  user  costs,  and  user  charges 
which  were  incurred  in  the  provision  of  use  of  these  activities. 

While  the  primary  results  of  this  study  estimate  the*  costs  and  benefits  of  TUO’s  tech- 
nology transfer  activities,  we  also  present  two  oilier  special  indicators  of  the*  economic 
impact  of  these  activities  to  provide  some  perspective.  These  indicators  differ  for  infor- 
mation activities  and  applications  projects. 

For  information  activities,  wc*  estimate  the*  sum  of  TUO  benefits,  user  charges,  and 
user  costs.  This  number  provides  an  indication  of  the  value  soc  iety  places  on  the  infor- 
mation contained  in  the  transfer  media.  For  convenience,  wc*  refer  to  this  measure*  as 
“activity  scale.”  The  measure  of  activity  scale*  for  information  ac  tivitie  s is  intended  to  indi- 
cate the  resources  others  are  willing  to  spend  to  extract  the  information  contained  in  the 
various  media.  As  such,  it  provides  one  (albeit  imperfect)  estimate  |5]  of  the  value  of  the 
technology  contained  in  the*  information.  For  applications  projects,  we  estimate  the  sum 
of  TUO  benefits  and  those  benefits  that  are  attributable  to  other  participants.  We  refer  to 
this  measure  as  “applic  ations  benefits.”  Applications  benefits  art*  intended  to  estimate  the 
value  to  society  of  the  new  project  or  process  to  which  TUO  is  a contributor. 
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It  is  important  to  recognize  that  only  the  TIJO  benefits  measure  can  be  used  to  pass 
on  the  merits  ol  TUO’s  activities.  In  addition,  activity  scale  and  applications  benefits  do 
not  measure  comparable  values.  In  our  estimate  of  applications  benefits,  we  measure  the 
value  of  the  product  or  process  which  inc  ludes  both  (lie  technology  transferred  through 
TUO  and  the  technology  contributed  by  other  participants.  The  estimate  of  activity  scale 
is  an  estimate  of  the  value  of  technology  contained  in  the  transfer  mechanism  alone. 

A summary  of  our  findings  is  presented  in  fable  1.  Employing  standard  methods  of 
cost-benefit  analysis,  we  find  that  the  TUO  benefits  of  those  activities  we  have  examined 
are  greater  than  the  IUO  costs  incurred. 

In  'fable  1,  estimates  of  both  types  of  all  measures  are  expressed  in  present  values  in 
1976  of  the  stream  of  benefits  over  the  relevant  period,  measured  in  197b  constant  dol- 
lars. for  each  of  the  individual  activities,  TUO  benefit  results  are  pre  se  nted  in  both  dollar 
terms  and  as  ratios  to  the  corresponding  activity  cost  borne  directly  by  I UO. 

Each  of  the  estimates  reported  in  columns  2—4  of  I able  I has  been  adjusted  by  a 
realization  probability  fac  tor,  which  is  reported  in  column  1.  This  realization  factor 
reflects  our  estimate  of  the  likelihood  that  positive-  |4]  |original  placement  of  Table  1| 

1 5 1 benefits  have-  or  will  derive  from  the  ac  tivities  we  have-  examined.  For  the  information 
ac  tivities,  the  realization  probabilities  are  1.0,  because  expected  benefits  of  the  activities 
may  be  inferred  direc  tly  from  actual  market  data  on  user  demand  for  the  ac  tivities.  Our 
estimates  of  realization  probabilities  for  applications  projects  are  generally  less  than  one. 
Tii is  is  because  most  of  the*  projec  t technologies  have*  yet  to  reach  the  marketplace,  and 
accordingly  there*  is  uncertainty  about  whether  they  will.  The  method  by  which  these  real- 
ization probabilities  were  estimated  for  the  applications  projects  is  discussed  in  Chapter 
V.  'flu*  ratio  shown  in  column  4 is  the  ratio  of  TUO  benefits,  i.  e.,  benefits  attributable  to 
TUO,  to  TUO  ac  tivity  costs.  This  ratio  shows  whether  or  not  the*  TUO  benefits  of  a given 
TUO  activity  are  greater  than  its  cost.  If  this  ratio  is  greater  than  one,  then  the  cost- 
benefit  test  is  passed. 


Table  1 


Summary  of  Estimated  Benefits  and  Benefit-Cost  Ratios 
of  Selected  Activities  Initiated  1970-19761 
(All  Benefits  in  Millions  of  1976  Dollars  Discounted  to  1976) 


a.  Information  Activities 


1 

Realization 

Probability 

Technical  Support  Pac  kages  1.0 

COSMIC  1.0 


2 

3 

4 

TUO  Benefits 

TUO  Benefits 

TUO  Benefits- 

Plus  User  Costs 

Tl JO  Cost  Ratio 

and  Charges 
$ 83.0 

$ 2.0 

1.2 

307.0 

6.1 

4.1 

1 1-01  Information  Programs,  the  estimates  are  for  the  period  1070-1070  For  the  Applications 

Piojccis.  the  estimates  ;ire  for  len  vears  alter  expected  (or  actual)  commerc  i.dization. 
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b.  Applications  Projects 

1 2 3 I 


Biomedical: 

Realization 

Probability 

TUO  Benefits 
Plus  Other 

TUO  Benefits 

TUO  Benefit- 
TU<  ) G)st  Ratio 

Cataract  Tool 

0.5 

31.0 

0.4 

41.0 

Burns  Diagnosis 

0.5 

2.7 

1.8 

8.2 

Meal  Systems 

0.10 

10.5 

.8 

5.8 

Pacemaker 
t Inman  Tissue 

1.00 

72.0 

.7 

11 

Stimulator 

Engineering: 

0.30 

510.0 

2.0 

9.0 

Nickel-Zinc  Battery 

0.50 

328.0 

15.0 

08.0 

Zinc-Ric  h Coatings 

0.80 

08.0 

1 1.0 

340.0 

1 Vac  k-Tra  ini  )yi  i am  ics2 
Firefighter’s  Breathing 

0.20 

98.0 

.02 

2.0 

System- 

1.00 

0.1 

3.8 

3.0 

The  total  TUO  benefits  from  the  applications  projects  analyzed  are  estimated  to  be 
$44.9  million  with  a benefit-cost  ratio  of  22.  However,  because  the  applications  projects 
evaluated  do  not  constitute  a random  sample,  the  results  reported  in  Table  1 cannot  be 
used  to  impute  benefits  to  the  overall  applications  program.  The  corresponding  total  and 
ratio  for  the  information  activities  we  examined  are  respectively  $8.1  million  and  2.5. 
Remembering  that  the  information  activity  estimates  art*  bast'd  upon  data  on  transactions 
that  actually  took  place  during  the  period  1970-1976,  while  the  applications  project  esti- 
mates are  generally  for  projects  that  will  be  completed  after  197b,  an  approximate  overall 
estimate  of  the  TUO  benefits  of  the  activities  analyzed  can  be  derived  from  the  sum  of  the 
benefits  shown  in  the  table.  When  this  is  done,  we  obtain  estimated  TUO  benefits  for  these 
I b]  selected  activities  of  .$53  million  and  a benefit-cost  ratio  of  10  for  TUO's  activity. 

It  is  important  to  understand  that  our  estimates  of  benefits  and  benefit-cost  ratios 
should  be  taken  as  averages  about  which  some  uncertainties  exist.  There  art*  three  main 
sources  of  this  uncertainty:  possible  measurement  error  in  the  data;  possible  errors  in  our 
modeling  of  relationships  using  the  data;  and  errors  in  forecasting  tlu*  future.  Because  the 
last  of  these  types  of  uncertainty  does  not  post*  a problem  for  our  estimates  of  the  benefits 
associated  with  the  information  activities,  those  benefits  probably  have  less  uncertainty  asso- 
ciated with  them.  However,  the  nature  of  the  data  sources  and  the*  compounding  of  many 
random  events  prevents  any  cjuantitative  estimates  of  these  error  bounds  f rom  being  made. 

Based  on  the  information  in  Table  1,  it  can  be  concluded  that  for  those  programs  and 
projects  that  we  have  analyzed , the  contribution  of  TUO  in  the*  form  of  benefits  gained 
through  its  technology  transfer  programs  is  greater  than  tin*  costs  it  incurred  in  the 
process.  . . . 


Kstimatcd  parametrically.  . . . 


Exploring  mi*  Unknown 


559 


Document  111-30 

Document  title:  Richard  L.  Chapman,  Loretta  C.  Lohman,  and  Marilyn  J.  Chapman,  An 
Exploration  of  Benefits  from  NASA  ‘Spinoff,’  ” Chapman  Research  Group,  Contract 
88-01  with  NERAC,  Inc.,  June  1989,  pp.  1-5,  23-28. 

Source:  Chapman  Research  Group,  Inc.,  Littleton,  Colorado. 

Stuff*  1076,  NASA  has  annually  published  I he  book  Spinoff,  which  reports  on  successful  cases  of  tech- 
nology transfer.  This  study  examined  the  various  technologies  that  have  been  featured  in  Spinoff  I he 
Chapman  Research  Group  concluded  that  the  bene  fits  from  more  than  400  cases  may  have  been  as 
great  as  $21  billion  in  sales.  These  figures  do  not  include  any  costs , nor  any  unsuccessful  tech nolw 
gies.  The  primary  purpose  of  this  study  was  to  update  and  expand  on  the  earlier  studies  of  the  tech- 
nology transfer  program  that  were  used  to  support  both  the  NASA  budget  and  the  technology  transfer 
budget , which  historically  has  always  been  under  sautiny. 


An  Exploration  of  Benefits 
From  NASA  “Spinoff’ 

June  1989 

| 1 | The  locus  of  this  study  has  been  to  explore  those  applications  of  NASA  technology  (or 
NASA-assisted  technology  transfer)  that  have  been  reported  in  the  annual  report.  Spinoff 
The  primary  purpose  has  been  to  identify  what  benefits  resulted  from  those  applications, 
and,  further,  to  quantify  benefits  (where  possible)  toward  which  the  applications  made  a 
contribution. 

Part  I of  this  report,  “Study  Approach  and  Conduct,’'  summarizes  the  methodology 

used  and  the  challenges  faced  by  the  study  team However,  the  reader  should  be  aware 

of  several  important,  general  conditions  which  affect  the  scope  and  inclusiveness  of  this 
study  in  terms  of  how  fully  it  captures  the  benefits  of  NASA-furnished  technology. 

First,  the  tyme//  maga/inc  does  not  include  even  all  of  the  “good”  examples  known. 
Some  examples  have  not  been  published  simply  because  they  are  difficult  to  illustrate  in 
a meaningful  way  to  the  general  public.  Such  is  the  case  with  the  many  uses  of 
NASTRAN — a computer  program  initially  developed  by  NASA  for  structural  analysis  of 
large  rockets,  and  considerably  modified  for  literally  thousands  of  non-NASA  applications. 

Second,  in  working  “backwards”  from  known  applications,  one  misses  those  applica- 
tions where  NASA  technology  is  “embedded”  into  whatever  was  applied.  That  is,  the  orig- 
inal NASA-furnished  technology  may  have  been  the  basis  for  a series  of  modifications 
during  which  the  original  technology,  now  embedded  in  the  changes,  has  been  lost  as 
to  its  origins. 

[2]  Third,  these  benefits  resulted  from  the  contributions  of  only  259  applications  ol 
NASA-sponsored  or  furnished  technology.  It  excludes  a number  of  important  benefits 
which  should  be  obvious  to  even  the  casual  observer:  (1)  direct  NASA  or  Depart  mm  t of 
Defense  use:  such  as  NASA  commercialization  programs,  mission-directed  applications 
(such  as  weather  satellites,  communication  satellites  and  the  like);  and,  (2)  social  benefits: 
such  as  lives  saved,  lengthened  or  improved;  labor  days  saved  from  illness,  accident  or 
death;  improvements  in  the  environment  or  the  quality  of  life;  productivity  improvements 
and  the  like. 

As  revealed  in  this  study,  the  technology  transfer  process  includes  not  only  the  hard- 
ware end  of  technology,  but  managerial  and  economic  aspects  as  well.  It  includes 
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suppliers  and  users,  inputs  and  outputs,  products  and  processes.  Working  back,  in  an  his- 
torical sense,  also  provides  challenges  of  information  gaps  where  people  move  or  forget, 
organizations  which  have  c hanged  or  disappeared,  and  where  there  may  be  a reluctance 
to  fully  acknowledge  a particular  benefit  or  its  origins.  In  many  respects  this  study  repre- 
sents a serious  probe  into  the  complexity  (and  difficulty)  of  capturing  “spin of F applica- 
tions. It  certainly  demonstrates  the  need  for  early  and  systematic  attention  to  means  for 
identifying  and  trac  king  potential  spinoff  applications— if  only  to  more  fully  understand 
this  phenomenon  and  its  contributions  to  t lit-  Nation. 

1 3]  PART  I.  STUDY  APPROACH  AND  CONDUCT 

An  examination  of  the  benefits  of  spinoffs  of  NASA  technology  presents  a particular 
c hallenge  in  the  delineation  of  study  parameters  because  the  scope  is  vast  and  the  docu- 
mentation is  sparse.  Since  SpinojJ  artic  le's  provide  the  only  continuous  sourc  e of  technol- 
ogy transfer  information,  this  research  has  as  its  principal  source  the  articles  which 
appeared  in  the  annual  Spinoff ‘report  between  197<S  and  1980. 

Defining  and  Locating  Information  Sources 

I lie  basic  infoi  mation  for  the  study  was  compost'd  of  persons,  companies  and  insti- 
tutions or  agencies  that  had  been  mentioned  in  any  Spinoff  article  or  on  an  accompany- 
ing list  from  the  Spinoff  li\es.  Information  available  from  these  files  was  cross-checked  with 
former  Denver  Research  Institute  (DRI)  case  files  and  with  available  directories  such  as 
Moody  X Thomas  Regisln ; Dun  & Brad  street,  and  the  Corporate  Technology  Directory  1987,  to 
obtain  the  most  recent  corporate  or  business  address,  CEO,  telephone  number,  and  imy 
other  relevant  information. 

Development  of  an  Interview  Guide 

An  interview  guide  was  developed  concurrently  with  the  basic  study  contact  list.  A 
study  of  the  Spinoff 'articles  and  old  case  |4J  files  in  conjunction  with  the  study’s  statement 
of  work  and  discussions  with  various  NASA  Tec  hnology  Utilization  Office  and  Industrial 
Application  ( enter  personnel  contributed  to  defining  what  data  was  needed  and  what 
data  might  be  possible  to  obtain.  Earlier  studies  about  the  benefits  of  NASA  (and  other) 
research  and  development  were  reviewed  for  content  and  completeness.  From  this 
process  guideline  questions  were  drafted,  discussed  and  revised.  The  interview  guide  was 
accompanied  by  a one  page  instruction  sheet  for  interviewers. 

Da  ta  Collect i on  Th  ro  ugh  Teleph  one  In  tervi  eivs 

Eight  months  of  telephone  interviews  yielded  some  600  useful  interviews  involving 
400  companies.  Approximately  2500  outgoing  and  500  return  calls  were  made  during  the 
course  of  the  study.  It  took  an  average  of  five  contacts  to  obtain  a completed  interview  and 
the  average  interview  length  (including  all  contacts)  was  approximately  15  minutes. 

I here  were  almost  no  refusals  to  cooperate,  but  it  was  a challenge  to  persist  until 
someone  with  an  appropriate  corporate  memory  could  be  contacted.  Contacts  were 
almost  universally  responsive  to  a request  for  help  in  a study  for  NASA. 

Standardization  of  Interview  Data 

A spieadsheet  system  of  record  keeping,  which  placed  the*  technology  application  into 
categoiies  determined  by  end  use,  [5]  was  developed  by  extrapolating  from  an  array  of 


ExiM.ORlMCi  11 M UNKNOWN 


561 


earlier  benefits  studies.  Monetary  data  was  standardized  by  using  eurrenl  estimates  and 
converting  labor-saving  information  into  dollars  whenever  possible.  Relevant  information 
was  highlighted  using  key  words  or  phrases.  . . . 

1 23 1 PART  III.  BENEFITS:  CONTRIBUTION  TO  SALES  OR  SAVINGS 

The  primary  focus  of  the  study  has  been  tin*  nature  and  extent  of  benefits  from  the 
application  of  NASA  developed  or  NASA  provided  technology.  This  has  been  expressed, 
where  it  was  possible  to  make  estimates  of  quantification,  in  terms  of  either  sales  or  in  sav- 
ings— stated  in  dollars  or  as  a percentage  of  business.  Where  dollar  savings  could  not  be 
elicited  from  the  responde  nts,  emphasis  was  placed  upon  man  months  or  man  years,  and 
also  savings  that  might  be  estimated  resulting  from  mate  rials,  utilities,  equipment,  main- 
tenance and  even  avoided  research  and  development  costs.  As  noted  in  the*  section  on  the 
study  approach,  (Chapman  Research  Group]  researchers  have  attempted  to  “standardize” 
these  sales  and  savings  benefits  (where  they  were  provided)  so  that  l lu*  resulting  figures 
presented  in  this  study  represent  total  dollars  in  sales  or  savings,  even  though  the  initial 
answers  may  have  been  given  on  a yearly  basis,  on  a percentage  of  sales,  or  in  man  years 
of  effort . 

The  term  sales  includes  stu  b items  as  new  products,  additional  sales  because  of  an 
improved  product,  or  increased  sales  because  of  NASA  use.  No  attempt  was  made  to  iso- 
late the  specific  economic  contributions  of  the  particular  technology  or  assistance1  to  the 
full  range  of  sales.  However,  this  report  excludes  gross  sales/savings  figures  that  probablv 
inc  luded  other  products  or  processes.  . . . file  complete  assurance1  of  |2  I|  excluding  all 
but  directly  “provable”  benefits  can  only  be1  done  through  detailed  case  studies  and  exam- 
ination of  accounting  information  from  the1  particular  firms  involved.  Since1  all  of  these 
interviews  involved  tele  phone  interviews,  the  researchers  relied  upon  the*  estimates  of  the 
respondents  and  often  accepted  total  sale's  figures  of  a particular  product  whea  t1  the*  tech- 
nology was  used.  I his  means  that  the  NASA  technology  contributed  to  the  sale's,  but  that 
contribution  can  vary  substantially  from  a relatively  small  percentage  of  the1  total  salt's  or 
saving  figure  to  one  where  a new  product  or  process  was  completely  dependent  upon  the 
NASA  technology. 

Savings  inc  lude  such  concerns  as  increased  ef  ficiency,  labor  saved,  reduction  in  mate- 
rials, maintenance,  utilities  and  processing  costs  and  research  and  development  avoided. 

The  various  applications  were  categorized  according  to  end  use  as  described  in  the* 
Spi naff 'article.  This  resulted  in  nine  categories:  communication/data  processing,  energy', 
industrial  (manufacturing  and  processes),  medical,  consumer  products,  public  safety, 
transportation,  environmental,  and  other.  Leaving  aside  the  “other”  category,  the  largest 
contributions  were*  made  to  industrial  use,  followed  by  transportation,  medical,  and  con- 
sumer products.  See  I'able  I,  “Benefits  Realized  from  NASA-furnished  Technology,  Case 
Applications  from  Spinoff  'Reports,  By  Categories  of  End  Use,  Sales  or  Savings,”  for  a break- 
down by  end  use*  description,  showing  number  of  cases,  sales  and  savings. 
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[ 25 1 Table  I 


Benefits  Realized  from  NASA-Furnished  Technology 
Case  Applications  from  Spinoff  Reports 
By  Categories  of  End  Use,  Sales  or  Savings,  $ (000)* 


End  Use 

Number 

Number  of  cases 

Benefits  Realized  $(000) 

Description 

of  Cases 

with  sales  or  savings 

Sales 

Savings 

Total 

Communi- 
cation/ Data 
Processing 

51 

32 

171,007 

51,904 

222,971 

Energy 

SO 

13 

203,500 

15,6  IS 

219,1  IS 

Industrial 
(mfg  Sc 
process) 

170 

107 

5,767,649 

07,837 

5,835,486 

Medical 

61 

31 

2,003,030 

30,013 

2, OSS,  64  9 

Consumer 

Products 

24 

18 

1,278,294 

524 

1,278,818 

Public  Safety 

27 

16 

347,888 

555 

348,443 

Transportation 

40 

18 

0,887,865 

1 10,623 

10,004,488 

Environmental 

16 

1 1 

1 6,962 

21,788 

38,750 

Other 

22 

IS 

1,654,980 

10,232 

l ,065,221 

Total 

441 

250 

$2  CSS  1,1 90 

$3 15,749 

$2 1 ,041),  9 39 

* Kstimak's  wri  t*  obtained  from  company  officials,  or  derived  from  company  estimates  ol  manpower  or 
other  tvpes  of  savings.  . . . The  HI  cases  were  reported  in  Spinoff  magazine,  197K-Hb;  of  these  3b<H  had  acknowl- 
edged sales  or  savings,  but  100  cases  could  not  be  estimated  as  to  extent. 

[26 1 A few  comments  are  appropriate  regarding  the  distribution  by  end  use.  It  is  not 
unusual,  given  the  nature  of  NASA's  high  technology,  that  the  largest  share  would  be 
directed  toward  manufacturing  and  processing  where  the  principal  user  (in  a direct 
sense)  of  the  NASA  tec  hnology  is  a supplier  or  manufacturer.  The  ultimate  user  may  he  a 
consumer  at  the  end  of  a particular  chain.  1 lowever,  the*  end  use*  description  here  is  deter- 
mining the  nature  of  the  use  prior  to  that  process  being  completed  elsewhere  or  the  prod- 
uct moving  on  lor  a further  refinement  or  other  use-.  For  example,  the  “consumer 
product”  end  use  description  was  used  only  in  those  instances  where  the  company  mak- 
ing the  application  actually  produced  consumer  goods. 

One  might  also  anticipate'  that  transportation  would  rank  high  (second)  in  the  use  of 
technolog)  since  NASA  is  one  of  the  primary  if  not  the*  princ  ipal  producer  of ‘technology 
for  aeronautics  and  aerospace.  Aviation  use's  of  technology'  clearly  were  the*  most  pre- 
dominant within  this  category  of  transportation. 
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Finally,  the  medical  end  use  category  also  rates  high  (here,  third)  and  not  unexpect- 
edly so,  because  of  die  virtual  explosion  in  medical  use  of  such  computer  technology  as 
digital-imaging  techniques  and  the  like.  The  microminiaturization  of  electronic  circuits  as 
well  as  mechanical  features,  are  especially  adaptable  to  medical  needs.  The  development 
of  the  Programmable  Implantable  Medication  System  (PIMS)  and  its  substantial  poten- 
tial, along  with  digital  imaging  used  for  both  brain  and  whole  body  scans  and  subsequent 
diagnostic  procedures  are  only  partial  evidence  of  the  [27]  explosive  growth  of  this  type 
of  technology  in  the  future. 

Of  441  separate  instances  of  the  application  of  NASA-sponsored  or  provided  technol- 
ogy, the  study  team  was  able  to  identify  368  cases  where  the  respondents  acknowledged 
that  there  were  contributions  toward  savings  or  sales — this  amounted  to  83  percent  of  the 
total  cases  identified.  Of  the  cases  in  which  sales  or  savings  were  acknowledged,  109 
(25  percent)  involved  circumstance's  in  which  the  respondent  either  could  not  estimate 
sales  or  savings  or  was  unwilling  to  because  of  the  proprietary  nature  of  the  information. 

Of  the  259  cases  in  which  the  respondents  were  able1  to  identify  sales  or  savings,  it  was 
possible  to  identify  contributions  toward  sales  of  $21.3  billion  ($21,331,190,000). 
Contributions  toward  savings  were  $315.7  million  ($315,749,000).  Iotal  contributions 
toward  sales  and  savings  were  $22  billion.  This  figure  excludes  nearly  $12  billion  in  sales 
that  included  NASA-furnished  technology',  but  which  were  given  as  total  salt's  figures  for 
a company,  including  all  products.  . . . 

Discussions  with  corporate  officials  revealed  67  instances  in  which  a product,  process, 
or  even  an  entire  company  would  not  have  come  into  existence  had  it  not  been  for  the 
NASA-furnished  technology.  These  represented  18  percent  of  all  cases  involving  salt's/ sav- 
ings and  amounted  to  $5.1  billion  in  sales/savings.  . . . 

[28]  Other  Benefits  of  Economic  Value 

Once  one  lias  an  estimate  of  additional  revenues,  it  is  possible  to  postulate  the  rev- 
enues or  jobs  (created  or  saved)  associated  with  that  revenue.  Using  standard  economic 
projection  procedures,  it  is  estimated  the  Federal  Government  received  corporate  income 
tax  receipts  of  nearly  $356  million  as  a result  of  these  spinoffs  and  that  over  352,000  jobs 
were  created  or  saved.  And  these  jobs  were  in  relatively  high  skilled  categories.  . . . 

Document  111-31 

Document  title:  H.  R.  Hertzfeld,  “Technology  Transfer  White  Paper,”  internal  NASA  doc- 
ument, June  23,  1978. 

Source:  Documentary  History  Collection,  Space  Policy  Institute,  George  Washington 
University,  Washington,  D.C. 

This  internal  paper  was  intended  to  assess  a program  called  EEDI)  {For  Early  Domestic 
Dissemination)  that  NASA  initiated  in  the  1 970s  during  the  early  years  of  the  Nixon  administration. 
The  intent  was  to  make  (l.S.  space  technology  available  to  American  firms  first.  The  V.S.  balance  of 
trade  was  turning  negative  during  the  period , and  such  programs  represented  an  effort  to  stem  the 
flow  of  American  technology  abroad.  The  EEDD  program  was  ineffective , and  this  memo  addressed 
the  issues  involved. 
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[handwritten  note:  “6/23/78” 


Technology  Transfer  White  Paper 

INTRODUCTION  AND  DEFINITIONS 


• Technology 

Technology  is  a term  loosely  applied  to  know-how,  caul  products  and  even  the  bene- 
fits of  technolog);  Dictionaries  and  the  aerospace  industry  define  it  effectively  as  know- 
how applied  to  practical  purposes. 

Technology  is  generally  distinguished  from  basic  (scientific)  knowledge  and  from  end 
products  and  their  uses,  but  there  are  important  exceptions. 

The  Buev  report1  defined  technology  as  know-how  for  design,  development,  manu- 
facturing, quality  control  and  testing,  performance  analysis,  maintenance  and  repairs,  etc. 
Closely  associated  with  such  know-how  may  be  instrumentation  and  basic  knowledge  nec- 
essary to  its  use.  1 lowever,  basic  knowledge  is  ge  nerally  widely  available  and  not  restricted. 
It  therefore  becomes  of  concern  for  the  control  or  dissemination  of  technology  only  in 
rare  cases  where  fundamental  knowledge  is  critical  to  its  application  and  is  new  in  char- 
acter or  not  yet  generally  known. 

Thus,  technology  as  used  here  refers  primarily  to  know-how,  supplemented  as  neces- 
sary by  the  equipment  and  scientific  knowledge  required  for  its  implementation — and  all 
at  relatively  sophisticated  levels. 

[21  • Technology  transfer 

Technology  transfer  is  a term  referring  to  all  types  of  exchanges  involving  technolo- 
gy; including  both  those  that  the  nation  takes  pains  to  control  or  limit,  and  those  which 
the  nation  wishes  to  make  (domestically  and  internationally).  Thus,  we  have  export  lie  (“us- 
ing regulations  to  prevent  or  condition  the  commercial  transfer  of  certain  non-militarv, 
unc  lassified  technologies  and  products  abroad.  We  also  have  policies  designed  to  encour- 
age transfers  in  the  interest  of  US  industry  and  government  entities  or  in  the  interests  and 
support  of  developing  countries  and  militar  y allies.  For  the*  sake  of  clarity,  tlu*  control  of 
tr  ansfer  will  he  discussed  separately  from  the  encouragement  of  transfer. 

• NASA's  charter 

NASA's  charter  (under  Sec  . 102  (e)  of  the  Space  Ac  t)  directs  the  agenev  “to  con- 
tribute materially  to  . . . the  following  objectives:  . . . 

(2)  The  improvement  of  the  usef  ulness,  performance,  speed,  safety,  and  efficiency  of 
aeronautical  and  space  vehicles;  . . . 

(1)  The  establishment  of  long-range  studies  of  tlu*  potential  benefits  to  be  gained 
from,  the  opportunities  for,  and  the  problems  involved  in  the  utilization  of  aero- 
nautical and  space  activities  for  peac  eful  and  sc  ientific  pur  pose  s 

(5)  The  pr  eservation  of  the  role  of  the  United  Stales  as  a leader  irr  aeronautic  al  and 
space  science  and  technology  and  in  1 he*  application  thereof  to  the*  conduc  t of 
peaceful  ac  tivities  within  and  outside  the  atmosphere." 

Thus,  NASA  is  in  effect  direc  ted  to  generate  technology,  so  that  the  US  will  be  a leader 
in  world  aerospace  technology,  and  to  contribute  to  tin*  utilization  and  application  of  that 
technology. 

[5]  Section  205  (a)  states  that  “The  Administration,  in  order  to  carry  out  the  [impose  of 
this  Act,  shall — . . . 


I.  An  Analysis  of  I xftorf  Control  of  l .S.  Technology — A 1)01)  Prrsfnrti rv',  A Report  of  the  Defense  Science 
Board  Task  Four  on  Kxpnrt  ni  l S,  Technology,  [.  Fred  Buev.  Jr.,  Chairman,  February  1,  H)7b. 
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(3)  provide  for  the  widest  prat  lit  able  and  appropriate  dissemination  of  information 
concerning  its  activities  and  the  results  thereof/’ 

Note  that  the  provision  does  not  state,  as  sometimes  suggested,  that  NASA  must  pro- 
vide the  widest  dissemination  of  information  but  only  that  which  is  practicable  and  appro- 
priate. “Practicable"  presumably  means  within  the  limits  of  budgets,  personnel,  and 
communications  and  dissemination  systems.  “Appropriate"  would  mean  within  the  limits 
of  security  classification,  audience  and  user  characteristics,  commercial  considerations 
and  national  self-interest. 

NASA’s  statutory  obligations  to  develop  and  lead  in  aeronautics  and  space  technolo- 
gy' and  to  disseminate  results  widely  may  sometimes  conflict.  NASA  may  properly  develop 
more  technology'  than  it  need  report,  reporting  only  that  which  is  practicable  and  appro- 
priate. (Obviously,  NASA  cannot  “preserve”  US  technological  leadership  if  it  publishes  the 
full  details  of  its  technological  activities  and  expertise  in  all  circumstances.) 

GKNKKATION  AND  TRANSFER  OF  TECHNOLOGY 
• Generation  of  technology' 

The  generation  of  technology'  (in  NASA)  derives  from  in-house  and  contracted  work 
in  space  programs  and  projects,  aeronautical  programs  and  projects,  energy  programs 
and  projects  and  the  developmental  aspects  of  the  technology'  utilization  program. 
Supporting  research  and  technology  and  the  NASA  capabilities  in  quality  assurance  and 
management  also  significantly  contribute  to  the  technology  base. 

| 1 1 • Transfer  of  technology' 

The  transfer  of  technology  occurs  both  deliberately  and  inadvertently,  and  transfers 
may  be  prime  objec  tives  or  entirely  incidental  to  other  activities.  Examples  of  the  variety 
of  transfer  mechanisms  whic  h operate  arc*  the1  following: 

Transfer  Mechanisms  Involving  Personal  Contact 
Advise >r y c< >m mill ees 
NASA  seminars  and  workshops 
Professional  activity 
Pc  •rsonnel  mobility 
Ongoing  technical  exchange's 
Personal  discussions 

Transfer  Mechanisms  Involving  Agreements,  Contracts  and  Patents 
Cooperative  NASA  programs: 
with  governmental  agencies 
with  US  industry 
with  foreign  nations 
Industry  use*  of  NASA  facilities 

NASA  RFP’s  and  work  statements  (US  and  foreign) 

Contract  and  Subcontract  implementation 
Patents,  licenses,  waivers,  etc. 

Transfer  Mechanisms  Involving  Technical  Literature 
Publications: 

'lech  Briefs,  S I AR,  [Industrial  Applications  Centerl  searches. 

Technology  for  Aviation  and  Space 
Documentation  provided  with  licenses 
Literature  informally  provided  upon  request 
lest  reports  and  analyses 
COSMIC 
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[5]  Other  Transfer  Mechanisms 
Exhibits 

Technology  Utilization  program  projects 
Theft,  leaks,  espionage 

• Effectiveness  of  different  transfer  mechanisms 

The  effectiveness  of  different  transfer  mechanisms  was  rated  according  to  the  follow- 
ing table  (see  page  6)  reproduced  from  the  Buev  Report  (which  focused  primarily  on  the 
problem  of  the  export  control  of  DOD  technology,  but  has  broader  implications). 

CURRENT  NASA  POLICIES/PRACTICES 
PROMOTING  TECHNOLOGY  TRANSFER 


• Domestic  policies 

In  aeronautics,  NASA  carries  on  the  tradition  of  NACA  in  working  closely  with  the 
Defense  agencies  and  with  US  industry  to  contribute  an  advancing  technology  base  upon 
which  both  can  draw.  Recent  examples  relating  to  Defense  are  the  dual  inter-active  flight 
simulation  at  LaRC  [Langley  Research  Center],  the  helicopter  program  at  ARC  [Ames 
Research  Center],  the  Hi-Mat  project  at  DFRC  [Dryden  Flight  Research  Center),  etc. 
More  broadly  relating  to  the  aeronautical  industry  are  the  energy-efficient  engine  and 
composite  primary  aircraft  structures  programs.  These  programs  are  most  of  ten  shaped, 
organized  and  funded  in  NASA,  then  carried  out  through  contractor  work  or  a combina- 
tion of  in-house  and  contractor  work.  Where  the  defense  agencies  are  involved,  there  is 
generally  joint  funding;  even  in  non-defense  work,  industry  may  contribute  in  some  part 
to  the  funding  requirements. 

Also  in  aeronautics,  NASA  actively  supports  developmental  or  operational  research  of 
interest  to  the  Department  of  transportation,  generally  managing  the  projects  and  pro- 
viding or  sharing  the  funding. 

(6|  [Effectiveness  of  technology 'Transfer  According  to  Industry  and  Transfer  Mechanism 
originally  placed  here] 

[7]  In  applications , NASA  carries  out  a variety  of  programs  designed  to  transfer  technolo- 
gy to  the  private  and  public  sectors.  Congress,  as  well  as  states  and  local  governments, 
exert  pressures  on  NASA  to  develop  affirmative  and  aggressive  programs  of  technology 
transfer.  NASA’s  efforts  to  transfer  technology  parallel  those  of  other  government  agen- 
cies such  as  the  Department  of  Agriculture  and  the  Department  of  Commerc  e. 

Space  applications  in  the  field  of  communications  and  meteorology,  for  example, 
were  developed  in  NASA,  demonstrated  successfully  and  then  taken  up  in  the  first  case  by 
both  public  agencies  and  private  corporations  and  in  the  second  case  by  the  Department 
of  Commerce  for  operational  use.  Currently,  NASA  is  developing  satellite  remote  sensing 
and  assisting  particularly  the  public  sector  to  assimilate  and  apply  the  analytical  tech- 
niques required  to  use  the  satellite  data  product. 

The  NASA  applications  program  stretches  over  a broad  range  of  activities.  New  tech- 
nology' is  developed,  particularly  in  the  civil  systems  area.  There  are  R&D  projects  which 
apply  NASA  know-how  to  non-aerospace  civil  sector  problems.  Projects  such  as  the  acti- 
vated carbon  water  treatment  system  represent  potential  contributions  to  the  solution  of 
significant  scientific,  social  and  economic  problems.  Others  such  as  the  system  for  under- 
water survey  and  exploration  represent  the  unique  contribution  of  NASA  technology  and 
expertise  to  the  solution  of  non-aerospace  problems. 

Application  System  Verification  and  Test  (ASVT)  programs  are  cooperative  projects 
with  Federal  and  non-Federal  public  sector  agencies.  Potential  ASVT  projects  are  identi- 
fied at  the  field  centers,  with  final  selection  at  the  Headquarters  of  fice  of  NASA.  The  field 
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Effectiveness  of  Technology  Transfer  According  to 
Industry  and  Transfer  Mechanism* 
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Taken  from  IM7(i  Bucy  Report 


t enters  manage  tilt*  projects,  working  closely  with  the  future  user  of  the  system.  New  R&l) 
is  often  necessary.  The  immediate  problem  as  well  as  the  future  use  of  the  technolog)'  is 
worked  out  with  the  cooperating  agency,  and  therefore  the  commitment  to  transfer  the 
technology  developed  is  strong.  There  is  also  the  necessary  personnel  interaction  to  make 
the  transfer  fast  and  effective. 
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[8]  The  university  applications  program  is  managed  from  NASA  Headquarters. 
Universities  identify  state  and  local  problems  that  can  be  aided  by  the  application  of 
remote  sensing  techniques.  The  transfer  process  is  directly  from  NASA  to  the  universities 
(not  the  ultimate  users)  and  muc  h of  the  program  involves  the*  support  of  undergraduate 
and  graduate  courses  in  remote  sensing  techniques.  Therefore,  this  program  is  aimed  at 
educating  a potential  user  community  rather  than  directly  transferring  NASA  technology: 

The  regional  applications  program,  like  the  university  program,  primarily  involves  the 
use  of  Landsat  data.  NASA  personnel  directly  market  the  data  and  remote  sensing  data 
processing  techniques  to  the  various  state  s,  but  it  is  the*  user  (stale*)  that  identifies  profi- 
le 111s  and  proposes  the  cooperative  projects.  NASA  directly  trains  the  users  of  the  data,  but 
there  is  no  new  NASA  R&I)  involved. 

Beyond  this,  the  Office  of  Space  and  Terrestrial  Applications  conduc  ts  an  ac  tive  and 
aggressive  program  for  the  identification  of  promising  technologies  resulting  from  both 
in-house  and  contracted  work  with  a view  to  stimulating  the*  application  of  those  tech- 
nologies, where  appropriate,  to  non-space  uses  in  American  industry  or  the  public  sec  tor. 
This  Technology  Utilization  program  utilizes  a number  of  university-based  and  other  cen- 
ters around  the  country  as  technical  data  centers  servicing  industrial  subscribers  and  oth- 
ers interested  in  exploring  and  possibly  acquiring  the*  technologies  identified  for  potential 
non-space  uses. 

The  Technology  Utilization  program  also  includes  “applications  teams”  of  experts 
who  conduct  new  R&D  for  projects  which  have  commerc  ial  potential.  These  projects  are 
managed  by  NASA  field  centers  and  Headquarters.  They  are  cooperative*  projects,  with 
joint  funding  with  other  Federal  agencies  where  appropriate.  If  a commercial  vendor  is 
involved  in  the  development  of  the  new  tec  hnology,  there  is  joint  participation  with  the 
vendor  in  the  development  stage. 

[9]  In  a more  general  sense,  the*  advent  of  the  Space  Transportation  System  has  been  shaped 
by  NASA  so  as  to  encourage  the  use  of  launch  services  for  public  and  private  RN*1),  thus 
stimulating  the  development  of  new  technologies  by  users  but  not  necessarily  transferring 
actual  technolog)'  (know-how)  to  them. 

• International  policies 

NASA  support  for  other  government  agency  programs  includes  support  for 
[Department  of]  State/AID  | Agency  for  International  Development]  objectives  in 
extending  the*  benefits  of  advanced  technology  to  the  developing  countries.  Thus,  NASA 
in  cooperation  with  (the  Department  of  the]  Interior  makes  Landsat  data  available  to  all 
users  and  provides  technical  guidance  and  training  for  the  data  processing  and  analysis 
techniques  required  to  make  use  of  it.  The  same  thing  is  done  in  the*  communications 
field  where,  in  addition,  launch  services  are  provided  to  permit  foreign  acquisition  of 
domestic  Comsat  systems. 

CURRKNT  NASA  POLICIES/ PRACTICES 
I A M 1TINC ; TEC  HNOl  X )( A TRANSFER 


Limitations  on  NASA  technology  transfer  apply  to  both  in-house  and  contractor 
developed  technology  and  are  all  essentially  predicated  oil  considerations  of  security  or 
foreign  compel i t ion . 

• Imh  oust*  Technology 

In-house  technology  is  rarely  classified  but  this  control  is  available*  where  (defense- 
related)  security  is  applic  able.  To  control  the  transfer  of  unclassified  in-house  technolog), 
the  agency  may  also  obtain  patents  which  combine  disc  losure  with  controls  in  the  US  and 
abroad.  Patent  policy,  though,  has  the*  stated  objective  of  encouraging  commercialization 
of  an  invention. 
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[10]  A broader  attempt  to  limit  the  wholesale  dissemination  of  unclassified  NASA  tech- 
nology was  initiated  in  1973  in  response  to  two  stimuli:  (1)  the  suggestion  in  some  con- 
gressional forums  that  NASA  was  a major  conduit  of  technology  to  competitors  of  the 
United  States,  and  (2)  the  possibility  that,  the  supercritical  wing,  as  a valuable  US  tech- 
nology, may  have  been  compromised  by  early  open  publication. 

The  FED!)  program  was  the  result.  It  provides  for  identifying  certain  technology'  as 
having  possible  early  and  significant  commercial  potential,  then  marking  any  documen- 
tation on  that  technology  For  Early  Domestic  Dissemination.  Efforts  to  benefit  US  indus- 
try and  defer  general  availability  to  foreign  industry  then  could  be  implemented  for  the 
technology'  so  identified.  The  Departments  of  State  and  Commerce  were  consulted  and 
endorsed  the  program  as  a desirable  experiment. 

Similar  controls  on  (lie  COSMIC  computer  software'  distribution  program  were  adopt- 
ed recently.'’  These  regulations  call  for  the  identification  of  computer  programs  by  their 
potential  commercial  usefulness.  Restrictions  on  distribution  to  foreign  nationals  are 
placed  on  the  most  critical  software  programs  for  a designated  period  of  years.  Less  criti- 
cal programs  may  be  exchanged  or  sold. 

The  transfer  of  NASA-generated  technology'  is  further  controlled  in  the  context  of 
international  cooperative  space  programs.  It  is  a general  precondition  of  such  programs 
that  the1  foreign  partner  have  the  essential  technological  capability  re  quired  to  discharge 
the1  responsibilities  which  he*  undertakes  in  the  cooperative  agreement.  Then,  where 
appropriate,  it  is  specified  that  in  the1  event  that  the  foreign  partner  discovers  a need  for 
technical  assistance,  NASA  may  refer  that  need  to  commercial  sourc  es  in  the  US  (where 
it  becomes  subject  to  export  controls).  NASA  also  reserve’s  the-  light  to  require  that  any 
technical  assistance  given  be  provided  in  “black  box”  form  (as  end  product  rather  than 
|11]  technology) . In  general,  however,  there  are  relatively  clean  interfaces  in  interna- 
tional space  projects  and  the  transfer  of  technological  know-how  is  not  involved  or 
required  between  the  cooperating  agencies.  There  is,  however,  substantial  commercial 
involvement  directly  with  US  aerospace  companies  (see  section  below). 

A certain  amount  of  disc  ret  ion  is  exercised  at  both  NASA  Headquarters  and  field  cen- 
ters with  regard  to  the1  subject  matter  and  treatment  of  tec  hnical  papers  to  be1  presented 
by  NASA  personnel  abroad,  thereby  controlling  in  some1  degre  e1  transfer  of  know-how  by 
this  means. 

Also,  NASA  requires  the  field  centers  to  report  and  clear  invitations  to  foreign  nation- 
als attending  symposia.  This  requirement  is  informal  and  probably  warrants  formalization 
and  centralization. 

'There  has  been  a c hange  in  administration  of  the  NASA  foreign  resident  research 
associate  program.  The  policy  now  in  practice  discourages  associates  in  technical  disci- 
pline's in  favor  of  those  in  scientific  areas. 

Finally,  in  connection  with  export  controls  discussed  bc'lovv,  NASA,  although  not  sub- 
ject to  the1  Munitions  Controls  of  the  Department  of  Stale,  nevertheless  takes  steps  on 
those1  rare  occasions  when  te  chnology  transfer  is  contemplated,  to  assure  through  infor- 
mal coordination  with  the1  Office  of  Munitions  Control  that  suc  h transfer  would  be1  con- 
sistent with  government  practice. 

• ( loin racied  Technology 

Limitations  on  the1  export  of  contracted  technology  are  essentially  outside  NASA’s 
responsibilities,  since  the  export  of  space  technology'  by  a private  contractor  falls  under 
the  International  Traffic  in  Arms  Regulations  Act  administered  by  the  Office  of  Munitions 


2.  NASA  NMI  2210.1  daltd  l)eieml>ci  13,  1073. 

3.  NASA  NMI  2210.2  dated  April  2-1,  197K. 
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Control  of  the  State  Department.  The  same  applies  to  aeronautical  technology  of  pri- 
marily military  character.  Aeronautical  technology  of  dual  use  [ 12  j (military  and  civilian), 
plus  a very  extensive  list  of  other  technologies  covering  sensors,  data  processing,  commu- 
nications equipment,  etc.,  is  covered  by  Department  of  Commerce  export  controls.  NASA 
provides  technical  advice  to  both  State  and  Commerce  when  requested  and  participates 
in  the  development  of  lists  of  controlled  items,  but  the  responsibility  for  granting  or  deny- 
ing export  licenses  rests  with  those  agencies. 

If  technical  material  is  published  (made  generally  available),  it  is  considered  to  have 
a general  license  for  export  and  is  not  then  controlled.  Therefore,  NASA  and  its  contrac- 
tors have  some  responsibility  to  consider  whether  the  publication  of  particular  technical 
data  could  compromise  the  intent  of  State  and  Commerce  control  activities.  In  this  con- 
nection, both  the  NASA  patent  program  and  the  FEDD  program,  described  above,  are  rel- 
evant and  apply  to  contracted  technology  as  well  as  to  in-house  technology. 

Since  unilateral  US  export  controls  would  obviously  have  little  effect  if  a foreign  pur- 
chaser could  simply  turn  to  other  nations  for  his  needs,  the  United  Slates  has  been  active 
in  organizing  COCOM,  an  effort  of  the  NATO  nations  and  Japan  to  concert  their  export 
controls  on  critical  items  vis-a-vis  the  Communist  world.  This  system  is  in  some  sense  an 
international  projection  of  the  US  Munitions  Control  procedure,  but  suffers  from  con- 
siderable dif  ferences  of  view  and  competitive  pressures  among  the  participating  nations. 

Finally,  of  course,  NASA-con  traded  technology  may  be  classified  on  defense  grounds, 
but  this  is  relatively  rare. 

To  generate  advice  for  State  or  Commerce  on  specific  export  license  requests,  the 
central  coordinating  point  in  NASA  is  the  International  Affairs  Division.  That  Division 
draws  on  the  technical  expertise  of  the  entire  agency  for  this  purpose.  The  final  recom- 
mendation is  treated  according  to  general  guidelines,  contained  in  a policy  paradigm 
approved  by  the  NASA  Deputy  Administrator  several  years  ago.  The  guideline  distin- 
guishes technical  know-how  from  end  product.  Know-how  which  is  uniquely  available 
from  the  US  would  presumptively  [ 13]  be  denied  export.  But  if  the  know-how  is  readily 
available  from  other  foreign  sources,  the  presumption  would  be  that  US  industry  should 
be  allowed  to  compete.  End  products,  whether  uniquely  available  from  the  US  or  not,  are 
presumptively  exportable  unless  unique  know-how  could  be  extracted  from  them.  Of 
course,  there  may  be  over-riding  considerations  where,  e.g.,  an  end  product  might  be  crit- 
ical to  an  objectionable  end-use,  as  in  the  cast*  of  missile  components  destined  for  a coun- 
try thought  to  be  developing  a nuclear  weapons  delivery  system,  or  in  the  case  of  a 
computer  whose  capacity  could  be  diverted  to  weapons  system  design.  The  policy  para- 
digm, which  appears  on  the*  following  page,  has  been  incorporated  in  a classified 
[National  Security  Decision  Memorandum)  as  an  available*  guideline  for  the  government 
as  a whole. 


DISCUSSION 


• Issues 

The  principal  questions  which  have  been  raised  with  respect  to  NASA  policy  and  prac- 
tice in  technology  transfer,  whether  positive  or  restrictive,  appear  to  he  these: 

- Should  NASA  be  developing  aeronautical  technology  for  defense  and  for  private 
industry?  To  what  extent  and  according  to  what  criteria? 

--  What  role  should  NASA  play  in  stimulating  the  industrial  R&l)  needed  to  pro- 
duce innovations  consistent  with  national  goals,  and  art*  significant  changes  needed  in 
current  policies  to  maximize  industry’s  investment  in  this  R&D? 

- Similarly,  in  fields  such  as  space  communications  and  remote  sensing,  should 
NASA  he  developing  and  promoting  an  advancing  technology  base  for  other  agencies  and 
for  private  industry  and  under  what  criteria? 
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r 14]  POLICY  PARADIGM*  FOR  EXPORT  AND  MUNITIONS  CONTROL 


KNOW-HOW 

Items  unique  to  U.S. 
or  critical  to  U.S. 

1A 

Presumptively, 

commercial  lead 

no  release 

Items  available  elsewhere 

2A 

( lonsider  export  if 
end-use  conditions  met 

END  PRODUCT 
1 B Consider  export  if: 

- end-use  conditions  met 

— cannot  be  reverse-engineered 
If  reverse-engineering  feasible; 
evaluate  risk  and  decide 
accordingly. 

2B  Export  should  be  approved  if 
end-use  conditions  met 


5.  Items  involved  in  U.S. 
coop,  programs 


3A  Consider  export  (even 
if  unique)  in  light  of 
relevant  provisions  of 
c<  k iperalive  agree  men  t , 
quid  pro  quo , and/or 
U.S.  interest 


3B  Should  be  approved  unless 
critical  elements  of  technology' 
unique  to  U.S.  are  subject  to 
reverse-engineering,  in  which 
case  we  consider  as  in  3A  and 
reserve  right  to  deliver  in 
black  box  state. 


Intended  to  serve*  as  fundamental  guidanee  subject  to  exception  in  special  cases  in  the  national  interest. 


(15 1 - Should  NASA  maintain  a technology  utilization  program  direc  ted  to  non-space 
uses  and  under  what  criteria? 

To  what  extent  should  NASA  continue  and  develop  the  multiplicity  of  public  and 
private  sector  experiment-and-demonstrafion  projects  now  begun  in  specific  technology 
applications?  How  controlled  or  flexible  should  these  activities  be?  What  mechanism 
should  coordinate  them,  il  any? 

With  respect  to  overseas  participation  and  benefit,  as  in  the  I.andsat  program, 
what  policies  should  he  followed? 

- Should  NASA  continue  to  try  to  control  unclassified  technical  data  (as  in  the 
FE1M)  and  COSMIC  programs)  and  how? 

- Is  NASA’s  foreign  patent  filing  program  cost-effective?  Should  it  be  continued? 

To  what  extent  should  NASA  “market”  its  technology  and  in  what  style?  What  role 

should  cost-benefit  studies  have  in  this  connection? 

• Options 

The  foregoing  issues  are  briefly  discussed  in  the  paragraphs  below: 

Aeronautical  technology  transfer.  The  Space  Act  obligates  NASA  to  foster  US 
leadership  in  aeronautics.  Leadership  in  aeronautics  equates  with  broad  national  security 
objectives  which  encompass  both  defense  and  commercial  interests.  Since  NASA’s  funda- 
mental mission  is  conceived  in  R&l)  terms,  clearly  it  has  no  choice  under  current  legisla- 
tion but  to  develop  technology  for  the  defense  and  commercial  aspects  of  the  aeronautics 
industry.  It  follows  that  NASA  must  find  suitable  mechanisms  for  transferring  its  technol- 
ogy output  to  industry  so  that  it  can  best  serve  the  spirit  and  the  objectives  of  the  Act. 

As  the  Bucy  report  makes  quite  dear,  the  most  effective  means  of  transfer  entail  inte- 
gral relationships  in  the  [16]  various  phases  of  the  R&D  process.  NASA  certainly  practices 
most  of  the  mechanisms  identified  for  such  transfer  in  the  aeronautical  field  under  a fair- 
ly well-understood  set  of  criteria.  These  generally  make  the  greatest  government  support 
available  for  public  interest  purposes  (environmental  and  safety  objectives,  e.g.)  and 
require  more  industrial  (or  defense)  support  to  the  degree  that  end  product  development 
is  approached.  Where  government  regulation  or  private  profit  motivation  can  elicit 
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tec  link  al  advances  from  the  industry,  NASA  should  presumably  leave  those  developments 
to  the  industry.  Where  national  considerations  of  safety,  environment,  or  strategic  com- 
petition in  the  military  or  commercial  fields  becomes  critical,  or  where  the  cost,  risk  and 
facilities  for  technical  advance  are  beyond  industry’s  capacity  in  a competitive  system, 
NASA  as  the  government’s  agent  must  consider  filling  the  gap. 

In  sum,  it  is  difficult  to  conceive  of  a very  different  role  for  NASA  than  its  traditional 
one  in  the  development  of  aeronautical  technology;  however,  its  transfer  to  industry  and 
defense  must  be  responsive  to  national  needs  and  international  pressures  on  US  industry, 
f ine  tuning  of  the  operating  policies,  of  course,  is  always  appropriate.  Major  innovations 
may  be  required  for  one-of-a-kind  situations. 

— Space  applications.  The  principal  options  are  to  leave  the  development  of  sup- 
porting and  advancing  technologies  to  operational  interests  once  ihe  operational  stage  is 
reached  or,  in  the  alternative,  to  continue  technology  development  in  some  degree.  What 
technology  should  NASA  generate  for  transfer  to  the  commercial  sec  tor?  If  a commercial 
industry  exists,  should  we  consider  any  further  development? 

The  communications  field  provides  a useful  example.  It  is  clear  that  the  operational 
interests  art*  indeed  carrying  forward  R&d)  for  much  of  their  needs,  thereby  removing  jus- 
tification for  government  R&rl)  in  those  particular  areas.  But  there  are  public  interest 
areas  where  the*  private  sector  may  have  no  motivation  to  do  R&I).  In  communications 
these  areas  include  technological  developments  for  conserving  the  spectrum  and  also  for 
conserving  the  use  of  the  geosynchronous  orbit. 

| 17J  It  would  therefore  seem  that  NASA  should  consider  continuing  its  R&I)  program 
(including  test  and  demonstration  projects)  in  such  areas.  These  programs  in  the  com- 
munications area  should  be  carefully  and  narrowly  defined.  A positive  answer  should  be 
contingent  upon  thorough  advance  discussion  with  those  government  agencies  and 
potential  user  communities  which  may  have  real  or  fancied  concerns  in  a given  area  to 
develop  the  necessary  degree  of  support.  Cost-benefit  considerations  should  be  included 
but  (a)  will  often  be  very  difficult  to  measure  for  not-yeCexisiing  applications,  and 
(b)  should  not  necessarily  be  determinative  in  public  interest  areas  in  any  case,  since 
intangible  values  may  be  of  overriding  importance. 

Where  NASA  itself  may  be  given  operational  responsibilities  for  space  applications,  as 
could  occur  in  the  Landsal  program,  NASA  would,  of  course,  determine  the  R&l)  require- 
ments to  meet  the  needs  of  the  user  agencies,  working  in  conjunction  with  them. 

- Technology  utilization,  ASVT  programs.  The  major  options  are  to  run  a push  pro- 
gram or  a pull  program.  In  either  case,  NASA  must,  under  the  terms  of  the  Space  Act,  be  pre- 
pared to  transfer  technology  to  public  and  private  interests  of  this  eountrv  in  tlu*  most 
effective  and  appropriate  way,  whether  for  space  or  non-space  applications.  NASA’s  experi- 
ence to  date  seems  abundantly  clear  that  technology  transfer  is  a sometimes  slow  and 
diffic  ull-to-measure  process.  Energetic  measures  can  lx*  taken  to  speed-up  the  process  bv 
identifying  possibilities,  bringing  them  to  the  attention  of  possible  users,  organizing  a body 
of  data,  establishing  a retrieval  system  and,  in  many  cases,  testing  and  demonstrating  the 
applications.  This  is  particularly  true  for  the  public  sec  tor  (cities  and  state's,  e.g\,  and  other 
government  agencies)  where  non-spac  e needs  may  lx*  strongly  felt  hut  the  expertise  required 
for  adaption  [sic],  lest,  demonstration  and  implementation  may  be  entirely  lacking. 

At  the  same  time,  experience  also  suggests  that  the  dangers  of  internal  enthusiasms 
for  applications  in  fields  outside  the  agency’s  experience  and  expertise  dictate  some  mea- 
sure [18]  of  conservatism.  It  would  seem,  therefore,  that  the  agency  should  continue*  sub- 
stantially along  its  present  course  hut  with  greater  visibility  for  management  for  the1  mam 
non-space  applications  explored  and  tested. 

This  means  that  both  headquarters  and  centers  should  continue  their  initiatives  and 
responses  hut  that  a system  should  he  established  to  permit  parallel  awareness  of  specific 


Exploring  ink  Unknown 


573 


a<  tivities  so  ihere  may  Ik*  independent  consideration  of  sensitivities,  implications  and  addi- 
tional coordination  requirements  of  a public  , international,  governmental,  congressional 
or  industry  affairs  character.  The  system  should  not  be  designed  to  delay  or  screen  activi- 
ties but  rather  to  pe  rmit  “flagging”  problems  on  a timely  basis  if  they  should  be  perceived. 

Cost-benefit  analysis  may  be  the  appropriate  tool  for  evaluating  some  applications. 
Before1  resources  are  committed  to  doing  such  studies,  the1  criteria  noted  under  the  para- 
graph above  on  Spac  e*  Applications  should  be  considered.  But  there  is  a continuing  need 
for  such  cost-benefit  studies  for  many  potential  projects.  Traditionally  these1  studies  have1 
been  done*  by  the  vat  ions  program  offic  es.  As  more  are  clone,  there*  is  a ne*ed  for  uniform 
technique's  to  be-  applied  to  cost-benefit  analysis  so  that  the  results  of  the*  various  studies 
can  bo  compared.  These  criteria  should  be  determined  by  a central  office  and  then 
applied  with  the  assistanc  e*  of  the*  various  program  offices  or  field  centers. 

- International.  The  Space  Art  mandates  a program  of  international  cooperation, 
and  the*  Outer  Space  Treaty  calls  for  the  sharing  of  the  benefits  i)[ Apace  activity.  There1  is 
no  requirement  to  transfer  technology  itself  abroad. 

The  options  are  to  conduct  “give-away”  cm  support  and  aid-type  programs  or  to  seek 
cost-sharing  or  other  economic  return.  Until  the*  Uandsat  program,  the*  precedents  estab- 
lished  for  cooperative  programs  were  generous,  but  most  often  were*  subjected  to  require- 
ments  of  scientific  validity  and  mutual  interest. 

| 1 9 1 Thus,  in  the1  first  experimentation  with  communications  satellite's,  foreign  states  were 
permitted  to  participate  in  the  testing  phase1  (not  the*  R&D)  on  the*  basis  that  they  funded 
tlu*  nec  essary  overseas  ground  stations.  NASA  thereby  saved  the  expense  of  funding  fac  il- 
ities at  both  ends  of  the*  experiments.  Even  in  the  weathe  r satellite*  field,  the  initial  coop- 
eration entailed  comparison  flights  by  foreign  aircraft  coordinated  with  spacecraft  passes 
and  other  activities  designed  to  lu*lp  calibrate  and  validate*  die  first  satellite  data  analyses. 

Eandsat.  In  the*  Eandsat  ease*,  it  was  felt  that  a peculiarly  economic  application  was 
involved  and  that  cost-sharing  for  the  space  segment  should  be*  established  in  principle, 
('file  foreign  uscts,  of  course*,  f und  all  their  ground-based  facilities  and  activities.)  Before 
cost-sharing  was  even  broached,  however,  NASA’s  agreement  to  program  Eandsats  to  read 
out  for  foreign  stations  was  offset  by  several  quid-pro-quos:  the  foreign  stations  undertook 
to  supply  data  free*  to  (principal  investigators]  selected  by  NASA;  they  were  obligated  to 
provide*  data  of  interest  to  NASA  on  request;  and  they  represented  valuable  insurance  to 
NASA  for  desire'd  foreign  coverage  when  the  spacecraft  tape*  rt*corders  should  fail. 

Technology  transfer,  in  tlte*  sense  of  industrial  know-how,  is  not  involved  in  the  above 
Uandsat  type*  foreign  involvement.  Here  we  are  speaking  more  of  the  transfer  of  the  ben- 
efits of  a technology,  but  some  transfers  of  data  processing  and  analysis  know-how  are 
required  by  training  personnel.  NASA  does  not  operate  training  programs  as  such, 
although  limited  on-the-job  training  opportunities  are  made  available  under  certain  con- 
ditions. Industry  and  |thc  Agency  for  International  Development],  along  with  other  spe- 
cialized government  agencies,  often  provide  training  services. 

FE1)1).  I lie  options  are  whether  to  continue  to  try  to  control  unclassified  technical 
outputs  by  NASA  and  its  contractors  or  not,  and  if  so,  whether  through  the  FEDD  pro- 
gram or  another. 

1 20 1 The  arguments  for  control  are  these:  NASA  has  been  criticized  for  its  large  output  of 
tec  hnic  al  information  available  to  foreign  competitors.  The  circumstances  of  release  of 
supercritical  wing  information  at  least  suggested  that  major  innovations  with  significant 
military  and/or  commercial  potential  might  be  compromised  and  that  professional  moti- 
vation and  tradition  may  operate  to  obscure  the  national  interest.  The*  fact  that  public 
funds  are  used  to  underwrite*  such  R&D  would,  with  other  fac  tors,  seem  to  require  some 
regard  for  the  national  interest. 
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The  arguments  against  FEDD  are  that  it  carries  no  sanctions,  that  it  “flags”  the  most 
important  items  so  that  foreign  interests  can  focus  on  obtaining  them,  that  the  “troops” 
at  the  centers  do  not  like  it,  that  it  creates  a useless  work  load,  etc. 

In  a series  of  NASA  Middle  Management  Seminars,  FEDD  was  discussed  in  depth.  The 
participants  recognized  that  “something  ought  to  be  done”  to  assure  preferential  use  by 
US  interests  of  unclassified  technology  which  might  have  significant  early  commercial 
potential.  When  asked  if  they  could  think  of  something  better  than  FEDD,  the  answers 
were  negative  with  a single  exception.  Langley  has  felt,  given  the  inability  to  control  FEDD 
publications  and  the  danger  that  the  FEDD  label  might  simply  target  them,  that  colloqui- 
ums bringing  together  the  interested  US  firms  are  to  be  preferred.  Significant  items 
should  be  discussed  in  depth  anyhow.  This  approach  appear  s to  be  meritorious  and  has 
been  commended  to  the  other  field  centers. 

An  important  question  raised  by  efforts  to  implement  the  FEDD  program  is  this:  Since 
only  a handful  of  publications  has  been  “FEDD’ed”  by  NASA,  are  we  doing  the  job  of  review 
and  identification  very  badly,  is  NASA  admitting  that  only  a minuscule  percentage  of  its 
technical  reports  possess  any  significant  early  commercial  potential  or  is  the  present  pro- 
gram simply  unworkable?  It  would  seem  essential  that  a thorough  review  of  the  FEDD  pro- 
gram as  it  now  stands  in  the  Of  fice  of  Aeronautics  and  Space  Technology  be  undertaken, 
along  with  a comparison  and  evaluation  of  any  similar  programs  [21 1 in  other  government 
agencies.  Suggestions  for  revising  the  program,  coordinating  it  with  other  government 
programs  and  policies,  or  abolishing  it  could  then  be  more  rigorously  evaluated. 

Foreign  patent  program.  Since  the  current  cost  of  the  foreign  patent  program  greatly 
exceeds  the  very  small  revenues  obtained,  it  might  be  argued  that  the  program  should  be 
dropped.  On  the  other  hand,  it  would  seem  worthwhile  to  evaluate  experience  with  the1 
supercritical  w’ing  patents  over  the  next  few  years  to  better  judge  the  f uture  of  this  program. 

- Marketing.  As  noted  above,  the  dangers  of  internal  enthusiasms  for  applications 
in  fields  beyond  the  agency’s  own  experience  and  competence  dictate  some  measure  of 
conservatism  in  pushing  such  applications.  Therefore,  “markets”  must  be  carefully 
explored  in  advance  with  the  best-informed  user  groups;  cost-benefit  considerations 
should  be  included  but  art'  especially  difficult  and  may  often  have  limited  validity  in  con- 
nection with  innovations  in  new  fields  or  where  public  interests  override. 

It  remains  true,  nevertheless,  that  NASA’s  statutory  obligation  to  contribute  to  tech- 
nological advance  wrill  not  implement  itself.  Therefore,  the  agency  must  undertake  well- 
considered  programs  to  inform  possible  users,  to  experiment  with,  test,  and  on  occasion, 
demonstrate  space  and  non-space  applications  iti  the  national  interest. 

Because  of  the  implications  for  the  agency’s  image,  its  congressional  and  other  gov- 
ernment agency  relationships,  its  industry,  international  and  university  relationships,  it  is 
important  that  headquarters  and  center  undertakings  looking  to  new  user  groups  and 
markets  be  given  timely  visibility  for  management.  A “flagging”  system  that  does  not  inhib- 
it activities  or  establish  new  clearance  requirements  is  therefore  important,  to  permit  con- 
trol by  exception. 


Document  111-32 

Document  title:  “NASA  Technology  Transfer:  Report  of  the  Technology  Transfer  Team,” 
December  21,  1992. 

Source:  NASA  Historical  Reference  Collection,  NASA  History  Office,  NASA 
Headquarters,  Washington,  D.C. 
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AV\.V  \ a technology  transfer  program  has  been  lauded  as  one  of  the  more  successf  ul  of  such  government 
programs , and  at  the  same  time  it  has  been  stverely  criticized  as  not  being  very  effective . / raditionaUy, 
NASA  has  focused  on  technology  development  for  space  and  has  downplayed  employee  rewards  for  the 
transfer  of  technology  outside  NASA . This  report , however  which  was  the  result  of  an  intensive  in- 
house  review  of  the  program,  recommended  improving  internal  incentives  for  managers  to  stimulate 
the  transfer  of  technology. 


1 no  pagination  | 

NASA  Technology  Transfer 
Report  of  the  Technology  Transfer  Team 

December  21,  1992 

BASIS  FOR  RECOMMENDATIONS 

1.  NASA  is  accountable  to  transfer  its  special  capabilities  and  technology.  This  is  an 
important  mission  of  the  agency. 

2.  Success  in  technology  transfer  requires  deliberate  dedicated  effort.  1 bus  NASA  must 
initiate  technology  transfer  activities. 

5.  Technology  transfer  occurs  mainly  in  the  context  of  an  appropriate  person-to-person 
relationship  between  the  providers  and  recipients. 

1.  Experience  suggests  that  technology  transfer  is  most  successful  when  recipients  want 
technology  for  their  needs.  Effective , proactive  outreach  creates  this  desire.  Thus  a mar- 
keting model  for  technology  transfer  has  greater  potential  for  success.  A passive  dif- 
fusion model  leaves  much  to  chance. 

5.  Technology  transfer  is  inseparable  from  the  technology  development  process. 

fK  The  influence  of  customer  interests  on  NASA  R&D  goals  is  a vital  indicator  of  poten- 
tial success.  This  influence  shows  early  recipient  involvement,  and  shows  that  a tech- 
nology transfer  relationship  exists  that  is  more  likely  to  succeed. 

7.  For  technology  transfer  process  management  and  improvement,  effectiveness  metrics 
are  better  than  activity  metrics.  Activity  metrics  having  strong,  causative  influence  on 
effectiveness  are  useful. 

8.  The  technology  transfer  process  should  be  conducted  such  that  employees’  interests 
are  benefited  (ideally)  and  protected  (at  minimum). 

TECHNOLOGY  TRANSFER  IS  BEST  ACHIEVED  AS  A MARKET-ORIENTED, 
TECHNICALLY  CONDUCTED,  LEGALLY  SUPPORTED  ACTIVITY 

| Why  What  We  Found  Was  There  to  Be  Found/What  We  Suggest  Doing  About  It  origi- 
nally placed  here) 


RECOMMENDATIONS 

All  NASA  elements  must  implement  and  he  evaluated  on  their  technology  transfer  pro- 
gram 

L Each  center  must  manage  to  the  recommended  metrics  . . . or  define  and  man- 
age to  more  effective  set 

2.  Headquarters  must  implement  a unified  plan  to  support  technology  transfer 
Specified  roles  and  missions  of  each  of  fice 
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Wliy  What  We  Found  Was 
There  To  Be  Found 


What  We  Suggest 
Doing  About  It 


No  clear  NASA  policy  for  technology 
transfer 


t Ihungr  the  culture 
( Recoin ineudai ions  A-8) 


Too  often,  employees,  managers, 
contractors,  and  universities  don’t  consider 
technology  transfer  part  of  their  job 


Protect  employees  interests 
(Recommendations  8—9) 


No  systematic  tnetrics/statistics  used  for 
decisions 


Technology  transfer  processes  are  non- 
integrated,  undocumented,  and  too  slow 


Define  a systematic  set  of  metrics  widt  h 
encourage  and  capture  technology 
transfer  successes 
( Recommendations  1-2) 

Km  power  process  action  teams  to 
improve  processes 
(Recommendation  9) 


Application  studies  are  expensive — causes  ► Foster  secondary  targeted 

gap  between  idea  and  application  technology  transfer 

(Recommendations  9-10) 

We  are  not  fundamentally  limited  by 
legislation,  we  are  limited  by  our  w ill 


Provide  infrastructure  activities  supporting  all  centers  (SBIR,  Tech  Brief,  COS- 
MIC  ) 

Institute  a proactive  effort  to  change  the  agency’s  technology  transfer  culture  and  ensure 
broader  participation  by  all  employees. 

■C  NASA  should  specifically  mention  technology  transfer  in  V-M-Y  statement  . . . 

4.  Administrator  should  send  a directive  to  | Assoc  iate  Administrators!  and  (Center 
Directors]  stating  that  technology  transfer  is  a mission  of  NASA  and  specifically 
that  secondary  targeted  and  noil-targeted  are  fully  valued,  important  NASA  mis- 
sions which  should  be  managed  accordingly  . . . 

5.  Administrator  should  continue  strong  technology  transfer  support  and  measure 
overall  agency  performance  . . . 

(».  hach  center  should  include  technology  transfer  in  their  mission  statement 

7.  Fach  center  should  provide  technology  transfer  training  for  all  employees  . 

8.  Assess,  promote,  and  reward  employees  according  to  metrics/ contributions 

9.  Form  and  empower  at  least  the  following  process  action  and  process  development 
teams:  . . . 
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Tech  Briefs — information  acquisition  to  publication 
Patent  applications  and  licensing 
Software  distribution  and  transfer 

Conversion  of  non-largeled  to  secondary  targeted  | Including  use  of 

Conversion/integral  ion  of  primary  targeted  to  1 jointly  sponsored 

secondary  targeted  I research  activities 

Execution  of  secondary  targeted  programs  ) 

Define  relationship  of  centers  to  [Centers  for  the 
Commercial  Development  of  Space] 

Employee  motivation  and  incentive  for  technology  liansfer  ac  tivities 

10.  Secondary  tec  hnolog)'  transfer  activities  should  be  proactively  sought.  I he*  bud- 
get allocated  to  each  center  for  its  use  in  secondary  targeted  transfer  programs 
should  grow  and  be  taken  “off  the  top"  as  is  SBIR. 


Biographical  Appendix 

A 

William  A.  Anders  (1955-  ) was  a career  I'.S.  Air  burr  officer,  although  a graduate  of  the  C.S.  Naval  Academy. 

Chosen  with  the  third  group  of  astronauts  in  1965,  he  was  tire  backup  pilot  lor  Gemini  1 1 and  the  lunar  mod- 
ule pilot  for  Apollo  8.  lie  resigned  from  NASA  and  the  Air  Forte  (active  duty)  in  September  1969,  when  he 
became  executive  secretary  of  the  National  Aeronautics  and  Space  Council.  Joined  the  Atomic  Fnergy 
Commission  in  1975  and  bet  ante  chair  of  the  Nuclear  Regulatory  Commission  in  1*17-1.  He  was  named  U.S. 
ambassador  to  Not  wav  in  1976.  Later,  he  wor  ked  as  a vice  president  of  Crucial  FJectric  and  then  as  senior  exec- 
utive vice  president  of  operations  for  Textron,  Inc.  Ander  s retired  as  chief  executive  officer  of'Ceneral  Dynamics 
in  1995,  hut  lie  remained  chair  of  the  board.  Set-  "Anders,  W.A.,”  biographical  file,  NASA  Historical  Reference 
Collection,  NASA  I listorv  ( )Uit  r,  NASA  I leatltjuarlers,  Washington,  DC. 

Clinton  P.  Anderson  ( 1895-1975)  (l)-NM)  was  elected  to  the  House  of  Representatives  in  MHO  and  served 
through  1945.  when  hr  was  appointed  secretary  of  agriculture,  lit*  resigned  from  that  position  in  19  IS  and  was 
elected  to  the  Senate,  where  he  served  until  1971k  See  Biographical I )irrctory  of  the  I 'nilrti  Stairs  Confess,  177 
(Washington,  I)C:  I S Government  Printing  Oilier,  1989). 

B 

Peter  Badgley  ( 1925-  ) received  a Ph.D.  from  Princeton  University  in  1951  and  was  a specialist  in  geology  and 

tei  tonics.  He  served  for  a tirin’  in  the  1900s  as  chief  of  the  Faith  Resources  Survey  Program  within  N ASA’s  Space 
Applications  Programs  Ollier  and  as  chief  of  advanced  missions  for  the  Manned  Space  Science  Program  within 
NASA’s  Office  of  Spare  Science  and  Applications.  Sec-  “Badgley.  Peter,”  biographical  lile,  NASA  Historical 
Referent  e ( It  Election. 

D.  James  Baker  (1957-  ) has  served  as  the  administrator  of  the  National  Oceanogr  aphic  and  Atmospher  ic 

Administration  in  the  Department  of  Commerce  sinc  e 1995.  See  lVAw\  Who  hi  Amniai  / W>  (New  Providence. 
\|:  Marquis  Who’s  Who,  199b). 

Malcolm  Baldridge  l 1922-1987)  ser  ved  as  secretary  of  cominerce  from  1981  until  his  death.  See  Who's  Who  in 
Anurim,  f fth  edition,  IhHU  /W7  (Wilmette.  1L:  Marquis  Who’s  Who,  1987). 

Janies  F«  Beggs  {192(>—  ) served  as  NASA’s  administrator  from  July  10,  1981,  to  December  4,  1985,  when  be 

took  an  indefinite  leave  of  absence  pending  disposition  of  an  indictment  from  the  justice  Department  for  activ- 
ities taking  place  prior  to  his  tenure  at  NASA.  This  indictment  was  later  dismissed,  and  the  U.S.  attorney  gener- 
al publicly  apologized  to  Beggs  for  any  embarrassment.  His  resignation  from  NASA  was  effective  on  February  25, 
198b.  Prior  to  NASA,  Beggs  had  been  executive  vice  president  and  a director  of 'Genera!  Dynamics  in  St.  Louis. 
Previously,  he  bad  served  with  NASA  in  1968-1969  as  associate  administrator  for  advanced  research  and  tech- 
nology'. From  1969  to  1975,  he  was  under  secretary  of  transportation.  He  went  to  Summa  Corporation  in  Los 
Angeles  as  managing  director  of  operations  and  joined  General  Dynamics  in  January  1974.  Before  joining  NASA 
the  first  time,  lie  had  be  en  with  Westinghouse  FJectric  in  Sharon,  Pennsylvania,  and  Baltimore,  Maryland,  for 
thirteen  years.  A 1917  graduate  of  the  U.S.  Naval  Academy,  he  served  with  the  Navy  until  1954.  In  1955,  lie 
received  a master’s  degree  from  the'  Harvard  Graduate  Sc  hool  of  Business  Administration.  See  “Beggs,  James  F...” 
biographic  al  lile,  NASA  Historical  Reference  Collection. 

Anatoli  A.  Blagonravov  (1895-1975)  was  head  of  an  engineering  research  institute  in  the  Soviet  Union.  As  Soviet 
representative  to  the-  United  Nations  Committee  on  the  Peaceful  Uses  of  Outer  Space-  (GOPUOS)  in  the  early 
|‘)b0s,  he*  was  also  senior  negotiator,  with  NASA's  Hugh  L.  Drydcn,  lor  cooperative  space  projects  at  the  height 
of  the-  Cold  War  in  the  early  1960s.  He*  worked  on  developing  infantr  y and  artillery  weapons  irt  World  War  II  and 
on  rockets  afterward.  Sec*  "Blagonravov,  A.A.,”  biographical  file,  NASA  Historic  al  Reference  Collection. 
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Ralph  Braibanti  joined  the  Department  of  State  in  1972  and  held  a number  of  assignments  related  to  Latin 
American  and  Last  Asian  affairs  before  joining  the  State  Department's  Bureau  of  Oceans  and  International 
Lnvironmenlal  and  Scientific  Affairs  in  1985.  He  currently  serves  as  director  of  that  bureau's  space  and  advanced 
technology  staff.  See  biographical  sketch  provided  by  Ralph  Braibanti,  NASA  Historical  Reference  ('.oiler lion. 

Zbigniew  Brzezinski  (1928-  ) served  as  the  President  Carter’s  national  security  advisor  from  1977  to  1981.  See 

Who  \ Who  in  America  1996. 

George  E.  Brown,  Jr.  (1920-  ) (1)-CA),  served  in  the  House  of  Representatives  from  January  3,  1903,  to  January 

3,  1971,  and  then  again  from  January  3,  1973,  to  the  present.  He  chaired  the  House  Committee  on  Science, 
Space,  and  Technology  for  a number  of  years  and  currently  is  its  ranking  minority  member.  See  Biographical 
Directory  of  the  A merienn  Congress,  1774- 1996  (Alexandria,  VA:  CQ  Staff  Directories.  Inc.,  1997). 

Ronald  Brown  (1941-1990)  served  as  secretary  of  commerce  from  1993  until  fits  death  in  a plane  crash.  See 
Who \ Who  in  Amenta  1996. 

David  K-  Bruce  ( 1898-1977)  was  one  of  the  most  notable  diplomats  of  the  twentieth  century.  He  served  in  World 
War  b and  he  was  admitted  to  the  Maryland  bar  in  1921  before  turning  his  attention  to  farming  in  1928.  In  1941 , 
he  helped  organize  the  Office  of  Strategic  Services  and  later  became  the  direc  tor  of  the  economic  cooperation 
mission,  c harged  with  the  task  of  administering  the  Marshall  Plan.  He  served  in  several  coveted  ambassadorial 
posts,  most  notably  France  (1948-1952),  West  Germany  (1957-1959),  (beat  Britain  ( 1961-1969),  and  NATO 
(1974—1976).  lie  was  also  a representative  to  the  Vietnam  Peace  Conference  in  Paris  (1970-1971)  and  was  liai- 
son officer  to  Communist  China  from  1973  to  1974.  See  “Bruce,  David  K.."  in  John  S.  Bowman,  ed..  The 
Cambridge  Dictionary  of  American  Biography  (Cambridge,  Eng.:  The  Cambridge  Cniversity  Press,  1995). 

c 

William  Casey  (1913-1987)  se  rved  as  chief  of  secret  intelligence  in  Europe  for  the1  Offic  e-  of  Strategic  Servic  es 
during  World  War  II.  After  the  war.  lie  became  a wealthy  businessman.  From  197 1 to  1975,  he  served  successively 
as  the  chair  of  the  Security  and  Exchange  Commission,  as  under  secretary  of  state  for  economic  af  fairs,  and  as 
head  of  the  Export-Import  Bank.  lie  also  served  on  the  Foreign  Intelligence  Advisory  Board  under  President 
Ford.  He  was  President  Reagan's  first  presidential  campaign  manager  and  then  served  as  Reagan's  director  of 
central  intelligence  until  his  death  at  the  height  of  the  Iran-Contra  sc  andal.  See  "Casey,  William,”  biographical 
file,  NASA  Historical  Reference  Collec  tion. 

Emanuel  Celler  (1888—1981)  (D— NY)  graduated  from  Columbia  Law  School  in  1912  and  immediately  began 
practic  ing  law  in  New  York  City.  During  World  War  I,  he  served  as  an  appeal  agent  on  the-  draft  hoard.  Following 
the  war,  he  made  a successful  run  for  the  House  of  Representatives  in  1923  and  served  as  a Democ  ratic  until 
1973,  for  a lime  as  chair  of  the  powerful  Judic  iary  Committee.  Following  his  defeat  in  1973,  he  joined  a com- 
mission to  revise  the  federal  appellate  court  system  and.  in  1975,  returned  to  his  law  practice.  Sec*  “Celler, 
Emanuel,”  in  Bowman,  The  Cambridge  Dictionary  of  American  Biography. 

Arthur  C.  Clarke  ( 1917-  ),  one  of  the  most  well-known  science  fiction  authors,  has  also  been  an  eloquent  writ- 

er on  behalf  of  the  exploration  of  space.  In  1945,  before  the  invention  of  the  transistor,  Clarke  wrote*  an  artic  le 
in  VVV teles. s World  describing  the  possibility  of  a geosynchronous  orbit  and  the  development  of  communications 
re-lays  by  satellite*.  He*  also  wrote  several  novels,  the  most  known  being  2001:  A Spate  Odyssey1,  based  on  a screen- 
play of  the*  same  name  that  lie*  prepared  for  director  Stanley  Kubric  k.  The  movie  is  still  one*  of  the  most  realistic 
depic  tions  of  the  rigors  of  spaceflight  ever  filmed.  See  “Clarke,  A.C.,”  biographical  file,  NASA  Historical 
Reference  ( Collection. 
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Edgar  M.  Cortright  (1925-  ) earned  a master  of  science  degree  in  aeronautical  engineering  from  Rensselaer 

Polytechnic  Institute  in  194*1,  the  year  after  he  joined  the  staff  of  Lewis  Laboratory.  He  conducted  research  at 
Lewis  on  the-  aerodynamics  of  high-speed  air  induction  systems  and  jet  exit  nozzles.  In  1958,  he  joined  a small 
task  group  to  lay  the  foundation  for  a national  space  agency  When  NASA  c ame  into  being,  he  became  chief  of 
advanced  technolog)  at  NASA  Headquarters,  directing  the  initial  formulation  of  the  agency's  me  teorological 
satellite  program,  including  the  TIROS  and  Nimbus  projects.  Becoming  assistant  director  for  lunar  and  plane- 
tary programs  in  19(50,  Cortright  directed  the  planning  and  implementation  oi  such  projects  as  Mariner,  Ranger, 
and  Surveyor.  I le  be  came*  deputy  director  and  then  deputy  associate  administrator  for  space  science  and  appli- 
cations in  the  next  few  years  and  was  deputy  associate  administrator  for  manned  spaceflight  in  I9(V7.  In  19(58,  he 
be  c ame  director  of  the  Langley  Research  Center,  a position  he  held  until  1975,  when  lu*  went  to  work  for  pri- 
vate* industry,  be  coming  president  of  the*  Loc  kheed-California  in  1979.  Se  t*  Cortright,  Ldgai  NL,  hiogiaphical 
file  , NASA  Historic  al  Reference*  Collec  tion. 

D 

John  M.  Deutch  (1958-  ) served  as  deputy  secretary  of  defense  from  1994  to  1995  and  then  as  director  of  cen- 

tral intelligence  from  1995  to  1997.  He  received  a PhD.  from  the  Massachusetts  Institute  of  Tec  hnology  and  also 
se  rved  as  that  school's  dean  of  sc  ience  and  provost.  See  “Deutch,  John  M,”  biographic  al  file,  NASA  Historical 
Reference  Collection. 

Hugh  L.  Dryden  ( 1898-1905)  was  a t art  e r civil  servant  and  an  aerodynamic  ist  by  discipline  who  had  also  begun 
life*  as  something  of  a child  prodigy.  He  graduated  at  age  14  from  high  sc  hool  and  we  nt  on  to  earn  an  A.B.  in 
three  years  from  Johns  Hopkins  (191b).  Three  years  later  (1919),  he  earned  his  Ph  D.  in  physics  and  mathe- 
matics from  the  same  institution,  even  though  he  had  full-time  employment  at  the  National  Bureau  of  Standards 
sinc  e*  June  1918.  His  c areer  there,  which  lasted  until  1947,  was  devoted  to  studying  airflow,  turbulenc  e,  and  par- 
ticularly the  problems  of  the  boundary  layer— the  thin  layer  of  air  next  to  an  airfoil  that  c auses  drag.  In  1920, 
he  bec  ame  chief  of  the  bureau's  ae  rodynamics  section.  His  work  in  the  1920s  on  measuring  turbulenc  e in  wind 
tunnels  facilitated  researc  h in  the  National  Advisory  Committee  for  Aeronautics  (NACA)  that  produc  ed  the  lam- 
inar How  wings  used  in  the  P-5 1 Mustang  and  other  World  War  II  aircraft.  From  the*  mid- 1920s  to  1947,  his  pub- 
lications bec  ame  essential  reading  for  aerodynamicists  around  the  world.  During  World  War  II,  his  work  on  a 
glide*  bomb  named  the  Bat  won  him  a Preside  ntial  Certificate  of  Merit.  He  capped  his  c are  er  at  tlu*  Bureau  of 
Standards  by  becoming  its  assistant  director  and  then  associate  director  during  his  final  two  ye  ars  there,  1 le  then 
sc*i  vc-d  as  direc  tor  of  the  NA(  '.A  from  1947  to  1958,  after  which  he  became*  deputy  administrator  of  NASA  under 
T.  Keith  Clennan  and  James  K.  Webb.  Se*e  Richard  K.  Smith,  The  Hugh  E.  Dryden  Papers,  IX9X-I9 6 7 (Baltimore, 
Ml):  The  Johns  Hopkins  University  Library,  1974). 

E 

Dwight  D.  Eisenhower  (1890-1909)  was  president  of  the  United  Stales  betwee  n 1955  and  1901.  Previously,  he 
had  been  a career  U.S.  Army  officer  and,  during  World  War  II,  was  supreme  allied  commander  in  Europe.  As 
president,  he  was  deeply  interested  in  the  use  of  space  technology  for  national  security  purposes  and  directed 
that  ballistic  missiles  and  reconnaissance  satellites  be  developed  on  a crash  basis.  For  more  information  oil 
Eisenhower's  spac  e efforts,  see  Rip  Bulkeley,  Hie  Sputniks  Crisis  and  Parly  United  States  Spare  Polity  (Bloomington, 
IN:  Indiana  University  Press,  1991);  R.  Cargill  Hall,  “The  Eisenhower  Administration  and  the*  Cold  War:  Framing 
American  Astronautic  s to  Se  rve  National  Sec  urity,"  Pntloguf:  Qjuartrrly  of  the  National  Archives  27  (Spring  199a): 
59-72;  Robert  A.  Divine,  The  Sputnik  Challenge:  Eisenhower's  U espouse  to  the  Soviet  Satellite  (New  York,  NY:  Oxford 
University  Press,  1995). 

John  D.  Erlichman  was  a senior  assistant  to  the  president  during  the  Nixon  administration.  See  John  F.r lie ■liman. 
Witness  to  Pawn:  l he  Nixon  Years  (New  York,  NY:  Simon  and  Schuster,  1982). 

James  Exon  (1921-  ) served  as  the*  governor  of  Nebraska  from  1971  to  1979.  Since  1979,  lu*  has  served  as  a 

Democratic  Senator  from  Nebraska.  See  Who's  Who  in  America  1996. 
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F 


Philip J.  Farley  (191(>-  ) earner!  a Ph.l).  from  ihe  University  oi 'California  al  Berkeley  in  1911  and  was  on  the 

family  at  Corpus  Christi  Junior  College  from  1911  lo  1912  Indore  entering  govern  men  i work  for  ihe  Alomie 
Fnerg>  Commission  (1947-1954)  and  for  the  Stale  Department  (1954-1969).  From  1957  until  1961.  he  was  a 
special  assistant  to  the  secretary  of  slate  for  disarmament  and  atomic  energy,  and  from  196]  to  1962.  his  respon- 
sibilities shifted  to  atomic  energy  and  outer  spar  e.  After  several  years  of  assignment  to  tin*  North  Atlantic  Treaty 
Organization  (NATO),  he  returned  to  Washington  and  became  deputy  secretary  of  slate  lor  political-military 
affairs  (1967-1969).  Then  limn  1969  to  1973,  lie  became  deputy  director  of  the  I S.  Arms  Control  and 
Disarmament  Agency.  See  “Farley,  PJ,”  biographical  file,  NASA  Historical  Reference  Collection. 

James  Brown  Fisk  (1910-1981)  received  his  Pli.I).  in  physical  science  from  tin*  Massachusetts  Institute  of 
Technology  in  1935  and  served  in  a variety  of  educational  and  industry  positions.  1 le  was  heavily  invoked  in  work 
at  Bell  lelephone  Laboratories,  ultimateh  becoming  its  president.  See  "Fisk.  J.B.,"  biographical  file,  NASA 
Historical  Reference  Collection. 

Peter  M.  Flanigan  (1923-  ) was  an  assistant  to  the  president  on  die  White  House  staff  from  196!)  to  1974. 

Previously,  he  had  been  involved  in  investment  hanking  with  Dillon,  Read,  and  Co  He  returned  to  business 
"hen  lie  left  government  service.  His  position  in  the  White  House  invoked  him  in  efforts  to  gain  approval  to 
build  the  Spate  Shuttle  during  the  1969-1972  period.  See  “Miscellaneous  Other  Agencies,”  biographical  We, 
N ASA  Historical  Reference  Collection. 

James  C.  Fletcher  (1919- 1991)  received  an  undergraduate  degree  in  physics  from  Columbia  l niversih  and  a 
doctorate  in  physics  from  the  California  Institute  of  Technology.  After  holding  research  and  teaching  positions 
at  Harvard  and  Princeton  Universities,  he  joined  I lughes  Aircraft  in  1918  and  later  worked  at  the  Guideel  Missile 
Division  of  the  Ranm- Wooldridge  ( annot  ation.  In  1958,  Fletcher  co-foundcd  the  Space  Fle  ctronie  x Corporation 
in  (.lendale,  California,  whic  h after  a meager  be  came  the-  Spac  e-  Ceneral  Corporation.  He-  was  later  named  s\s- 
le-ms  vice-  president  of  the  Aerojet  Ceneral  Corporation  in  Sacramento.  In  1961,  he  he-t.imc  president  of  the 
University  of  Utah,  a position  he*  held  until  he  was  named  NASA's  administrator  in  1971  He  served  until  1977. 
He-  also  served  as  NASA  administrator  a second  time,  for  m arly  three  years  following  the  loss  of  the  Space 
ShiU tie  Chalfntgn;  from  1986  until  1989.  During  his  first  administration  at  NASA.  Dr.  Fletcher  was  responsible 
for  beginning  the*  Shuttle  e ffort.  During  his  second  te  nure*,  lie*  presided  over  the*  effort  to  recover  from  the* 
ChallmgMM cident.  Se  e Roge-r  D.  Fannins,  “A  Weste  rn  Mormon  in  Washington,  DC:  James  C.  Fletcher.  NASA, 
and  the  Final  Frontier,'  Puri  fit'  flistoriat/  Ranar  64  (Mav  1995):  217-11. 

Arnold  W,  Frutkin  (1918-  ) was  deputy  direc  tor  of  the  U S,  National  Committee  tor  the  International 

( -cophysic  al  Year  iti  the  National  Academy  of  Sciences  when  NASA  hired  him  in  1959  as  dilector  of  international 
programs,  a title  that  changed  in  1963  to  assistant  administrator  for  international  affairs.  In  1978  .he  bec  ame 
associate  administrate)!-  for  external  re  lations,  a post  he  reline|uishe*d  in  1979  when  lie  retired  from  federal  sei- 
\it  t . Dm  ing  his  e aieer,  he*  hael  been  NASA  s senior  negotiator  lor  almost  all  ol  the*  important  international  space* 
agreements.  Se  e*  •‘Frutkin.  Arnold,”  biographical  Hie,  NASA  I listorical  Reference  < Election. 

G 

John  H,  Gibbons  (1929-  ) headed  the  Office*  of  Technology  Assessment  under  Congress  loi  fourte  en  years 

before  becoming  President  Clinton’s  science  advisor  and  head  of  the*  While*  House*  Office  of  Scie  nce-  and 
technology  Polity  in  1993.  lie  received  a Pli.I).  in  physics  from  Duke  University  in  1954.  See  “Gibbons.  John," 
biographical  file.  NASA  Historical  Reference  Collec  tion. 
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T.  Keith  Glen  nan  (1D05-IDD5)  was  NASA’s  first  administrator.  He  was  educated  at  Vale  University  and  worked  in 
the  sound  motion  pit  tun*  industry  with  the  F.lectrical  Research  Products  Company.  He  was  also  studio  manager 
of  Paramount  Pictures  and  Samuel  Goldwyn  Studios  in  the  11150s.  Glcnnan  joined  (.olumhia  l niversitvs 
Division  of  War  Research  in  1 1)42,  serving  through  the  war  fust  as  administrator  and  then  as  direr ‘lor  of  the  I S 
Navy's  l nderwater  Sound  1 aboi  atones  at  New  London,  Connecticut.  In  11)17  he  became  president  ol  the  Case 
Institute  of  Technology  in  Cleveland.  During  his  administration.  Case  lose  from  a primarily  local  institution  to 
rank  with  tin-  top  engineering  schools  in  the  nation.  From  October  1950  to  November  ID  >2,  Glcnnan  served  as 
a member ad  tin*  Atomic  Knergv Commission.  He  also  served  as  administrator  ol  NASA  while  on  leave  from  Case, 
between  August  7,  ID5K  and  January  20.  UMil.  After  leaving  NASA,  he  returned  to  the  Case,  where  he  was  con- 
tinued to  serve  as  president  until  lDbb.  See  J.l).  Him  ley.  ed.,  Ihe  llnth  of  .VAST.  I he  Diary  of  I.  Keith  G lernuiu 
(Washington,  DC:  NASA  SIM  105.  199.3). 

H 

James  C.  Hagerty  ( 1909-1981  ) had  been  on  the  staff  Of  the  New  York  limes  from  11)51  to  ID  12,  the  last  four  years 
as  legislative  correspondent  at  the  paper’s  Albany  bureau.  I le  served  as  executive  assistant  to  New  York  ( iovernot 
Thomas  Deucy  from  ID  15  to  If  150  and  then  as  Dewey's  press  secretary  lor  the  next  two  years  before  becoming 
press  secretarv  for  President  Fisenhower  from  1955  to  IDbl.  See  “Mist  ellaiirous  Other  Agent  it  s,  biographical 
file.  NASA  Historical  Reference  Collection. 

Irwin  P.  Hal  pern  served  as  the  dim  lor  of  NASA's  policy  analysis  staff  in  the  mid-lDbOs.  I le  previously  worked  at 
the  Central  Intelligence  Agency  on  Soviet  and  Chinese  political-military  affairs  and  dot  trine,  lit*  received  a 
Ph  D.  in  soviet  history  from  Columbia  Cnivrrsity.  Set*  “Miscellaneous  NASA,"  biographical  file,  NASA  I listorical 
Reference  ( 'oiler 'lion. 

Henry  R.  Hertzfeld  (11)15-  ) is  a senior  research  scientist  at  the  George  Washington  University's  Space  Policy 

Institute.  Previously,  he  served  as  the  senior  economist  at  NASA  anti  as  a polity  analyst  at  the  National  Science 
Foundation.  He  received  a Ph  D.  in  economics  from  Temple  University  and  a J.D.  degree  from  George 
Washington  I niversitv.  See  “Miscellaneous  NASA,"  biographical  file,  NASA  Historical  Reference  Collection. 

Walter  J.  Hickel  (1919-  ) was  governor  of  Alaska  and  then  secretary  of  the  interior  from  lDbD  to  11)70.  See 

Who  \ Who  in  A mem  a I 


J 

Leonard  Jaffe  joined  the  National  Advisory  Committee  lor  Aeronautics  in  ID-18  and  worked  for  n and  its  sue- 
rrssoi  organi/alion.  NASA,  for  thiiiv-ihree  years  before  moving  to  the  private  sector  in  11)81.  Hr  piimarih 
wo i kerf  in  the  field  ol  space  applications,  overseeing  many  of  NASA’s  early  efforts  in  remote  sensing  and  satel- 
lite (oiiiiiiiiiiii  ations.  See  jaffe,  Leonard,'  biographical  file,  NASA  Historical  Reference  Collection. 

Karl  G.  Jansky  { 1D05-ID50)  was  a researcher  for  Bell  laboratories  in  New  Jersey  who.  while  studying  the  static 
that  < >f ten  disrupted  r adio  < nmimmie  ations,  discovered  interstellar  radio  waves.  I Inis  the-  he  ld  ol  radio  astrono- 
my was  horn.  See  “Karl  G.  Jansky,"  biographical  file,  NASA  Historical  Reference  Collec  tion. 

David  S.  Johnson  was  the  Fmironmental  Satellite  Center  director  at  the  F.nvimnmeiilal  Science  Service 
Administration  in  the  mid-IDbOs.  See  “Miscellaneous  Other  Agency.”  biographical  file,  NASA  Historical 
Relerence  ( lolle  c tion. 

John  A.  Johnson  (11)15-  ),  alter  completing  law  school  at  the  University  of  Chicago  in  HMD.  practiced  in 

Chicago  until  ID  15.  when  he  entered  military  service  with  the  Navy.  From  1946  to  ID48,  he  was  an  assistant  for 
international  security  affairs  in  the  Department  of  Stale.  He  joined  the*  office  of  the  general  counsel  of  the 
Department  of  the  Air  Force  in  HMD  and  served  until  October  7,  1958  (for  the  last  six  years  as  the*  general  coun- 
sel), when  he-  accepted  the  general  counsel  position  at  NASA.  In  1963,  he  left  the  space  agenc  y to  become*  direc  - 
tor of  international  arrangements  at  the*  Communications  Satellite  Corporation  ((.outsat).  I he  next  year,  he 
became  a vice  president  of  Comsat  and  then,  in  11)75,  senior  vice  president  and  later  chief  executive  officer.  He 
retired  in  l DR0.  Se  e*  "Johnson,  J A ,”  biographic al  lile,  NASA  Historic  al  Reference*  Collection. 
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Lyndon  B.  Johnson  (1908—  1973)  (D— IX)  was  elec  led  to  (ho  House  of  Representatives  in  1937  and  served  until 
1949.  He  was  a senator  from  1949  to  1961.  l.S.  vice  president  from  I960  to  1963,  and  president  from  then  until 
1969.  Best  known  for  the  social  legislation  he  passed  during  his  presidency  and  for  his  escalation  of  the  war  in 
Vietnam,  lie  was  also  highly  instrumental  in  revising  and  passing  the  legislation  that  ( tea ted  NASA  and  in  sup- 
porting the  I S.  spare  program  as  chair  of  the  Committee  on  Aeronautical  and  Spat  e Sciences  and  of  the  pre- 
paredness subcommittee  of  the  Senate  Armed  Services  Committee,  lie  later  as  chaired  the  National  Aeronautics 
and  Space  Council  when  he  was  vice  president.  On  his  role  in  support  of  the  space  program,  see  Robert  A. 
Divine,  l.yndon  B.  Johnson  and  the  Politics  of  Spate,"  in  Robert  A.  Divine,  ed.,  I hr  Johnson  Years:  Vietnam,  the 
Environment,  and  Seirnee  (l^mrence,  KS:  University  of  Kansas  Press,  1987),  pp.  217-53;  Robert  Dallek,  “Johnson, 
Project  Apollo,  and  the  Politics  of  Space  Program  Planning,"  unpublished  paper  delivered  at  a symposium  on 
“Presidential  leadership.  Congress,  and  the  U.S.  Spate  Program,"  sponsored  by  NASA  and  American  University. 
March  25,  1993. 

Nicholas  L.  Johnson  is  NASA’s  chief  scientist  for  orbital  debris  at  the  Johnson  Spate  Center.  Previously,  he 
worked  in  private  industry  and  was  considered  an  expert  on  the  Soviet  space  program  See  “Johnson,  Nicholas 
L..”  biographical  file,  NASA  Historical  Reference  Collection. 

Roy  W.  Johnson  (1906-1965)  was  named  the  first  director  of  the  Department  of  Defense’s  Advanced  Research 
Projects  Agency  and  served  from  19oH  to  1959.  As  such,  he  was  head  of  Defense  Department’s  initial  space 
efforts.  Prior  to  joining  the  government,  he  worked  for  Ceneral  Electric  and  retired  as  an  executive  vice  presi- 
dent. See  “Johnson,  Roy  VV.,"  biographical  file.  NASA  Historical  Reference  Collection. 

K 

Frederick  R.  Kappel  was  the  chair  of  the  hoard  of  directors  of  the  American  Telephone  and  Telegraph  Company 
in  1963.  See  “Miscellaneous  Industry,"  biographical  tile,  NASA  Historical  Reference  Collection. 

Nicholas  Katzenbach  ( 1922-  ) was  twenty-one  when  he  was  captured  by  the  (iermans  during  World  War  II.  and 

lie  was  a prisoner  of  war  for  two  years  until  the  war  ended.  He  returned  to  the  United  States  and  bet  arm*  a 
Rhodes  Scholar  in  1947.  When  fie  returned  from  F.ngland  in  1950,  he  was  admitted  to  the  New  Jersey  bat.  He 
became  a law  professor  at  Yale  University  in  1952  and  then  at  the  University  of  Chicago  from  1956  until  I960. 
He  joined  the  Justice  Department  in  1961  as  assistant  attorney  general,  and  he  was  promoted  to  deputy  attorney 
general  in  1962.  He  remained  in  that  position  until  the  end  of  1964  and  was  instrumental  in  drafting  the  Civil 
Rights  At  t of  that  same  year.  He  became  attorney  general  in  1965  and  under  secretary  of  state  in  1966.  He  left 
government  servic  e to  work  for  IBM  in  1969,  where  lie  stayed  until  1986.  He  returned  to  private  practice  and 
was  named  chair  of  the  failing  Bank  Credit  and  Commerce  International  in  1991.  See  “Kat/mbac  h,  Nicholas  (de 
Belleville),'  in  Bowman.  Ehe  Cambridge  Dictionary  of  Ameii ran  Biography. 

Estes  Kcfauver  (1903-1963)  (D-TN)  served  in  the  House  of  Representatives  from  1939  to  1949  and  in  the 
Senate  from  1949  to  1963.  He  ran  unsuccessfully  as  Adlai  Stevenson’s  vice  presidential  choice  in  1956.  See 
Biographical  Directory  of  the  United  States  Ctmgiess,  1774-1989, 

John  F.  Kennedy  (1916-1963)  (l)-MA)  was  U.S.  president  from  1961  to  1963.  A senator  from  Massachusetts 
between  1953  and  1960,  lie  successfully  ran  for  president  as  the  Democratic  candidate,  with  party  wliet  lhor.se 
Lyndon  B.  Johnson  as  his  running  mate.  Using  the  slogan  “Let’s  get  this  country  moving  again,”  Kennedy 
charged  the  Republican  Eisenhower  administration  with  doing  nothing  about  the  myriad  social,  economic,  and 
international  problems  that  festered  in  the  1950s.  He  was  especially  hard  on  Eisenhower’s  record  in  interna- 
tional relations,  taking  a “cold  warrior"  position  on  a supposed  “missile  gap"  (which  turned  out  not  to  he  tin- 
case)  wherein  the  United  States  lagged  far  behind  the  Soviet  Union  in  intercontinental  ballistic  missile  tech- 
nology-. On  May  25,  1961,  President  Kennedy  announced  to  the  nation  the  goal  of  sending  an  American  to  the 
Moon  before  the  end  of  the  decade.  The  human  spaceflight  imperative  was  a direct  outgroyvth  of  it;  Projects 
Mercury  (at  least  in  its  latter  stages),  (iemini,  and  Apollo  yvere  each  designed  to  exec  ute  it.  On  this  subject,  see 
Walter  A.  Me  Dougall,  . . The  Heavens  and  the  Earth:  A Eolitical  History  of  the  Space  Age  ( New  York,  NY:  Basic  Books, 
1985);  John  M.  Logsdon,  f he  Decision  to  (io  to  the  Moon:  ISojeet  Apollo  and  the  National  Interest  (Cambridge,  MA: 
MIT  Press,  1970). 
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Robert  S.  Kerr  (1890-1903)  (D-OK)  had  been  governor  of  Oklahoma  from  1913  to  1947  and  was  elected  to  the 
Senate  the  following  year.  From  1 9b I until  1903,  he  ( haired  the  Aeronautical  and  Spate  Sciences  Committee. 
See  Anne  Hodges  Morgan,  Rttberl  S.  Kerr:  The  Senate  Years  (Norman,  OK:  University  of  Oklahoma  Press,  1977). 


NikitaS.  Khrushchev  (1894-1971 ) was  premier  of  the  Soviet  Union  from  1958  to  1904  and  first  secretary  of  the 
Communist  party  from  1953  to  1 904.  He  was  noted  for  an  astonishing  speech  in  195b  denouncing  the  crimes 
and  blunders  of  Joseph  Stalin  and  for  gestures  of  reconciliation  with  the  West  in  1959-1960,  ending  with  the 
breakdown  of  a Paris  summit  with  President  Eisenhower  and  the  leaders  of  fiance  and  Curat  Britain  in  the  wake 
of  Khrushchev's  announcement  that  the  Soviets  had  shot  down  an  American  U-2  reconnaissance  aiietaft  ovei 
the  Urals  on  May  1,  I960.  Then  in  1902,  Khrushchev  attempted  to  place  Soviet  medium-range  missiles  in  Cuba. 
This  led  to  an  intense  crisis  in  October,  following  which  Khrushchev  agreed  to  remove  the  missiles  if  the  United 
States  promised  to  make  no  more  attempts  to  overthrow  Cuba's  Communist  government.  Although  he  could  be 
charming  at  times,  Khrushchev  was  also  given  to  bluster  (extending  even  to  shoe-pounding  at  the  United 
Nations),  lie  was  also  a tough  negotiator,  although  he  believed,  unlike  his  predecessors,  in  the  possibility  of 
Communist  victory  over  the  West  without  war.  For  further  information  about  him,  see  his  own  Khrushchev 
Remembers:  The  Last  Testament  (Boston,  MA:  l ittle.  Brown,  1974),  as  well  as  Edward  Crankshaw,  Khrushchev:  A 
Career  (New  York,  NY:  Viking,  1900);  Michael  K.  Beschioss,  Mayday:  Eisenhower,  Khrushchtv  and  The  U-2  Affair  (New 
York,  NY:  Harper  and  Row,  198b);  Robert  A.  Divine,  Eisenhower  and  the  Cold  War  (New  York,  NY:  Oxford 
University  Press,  1981). 

Henry  A.  Kissinger  ( 1923-  ) was  assistant  to  the  president  for  national  security  affairs  from  1969  to  1973  and 

secretary  of  state  thereafter  until  1977.  In  these  positions,  hr  was  especially  involved  in  international  aspects  of 
spaceflight,  particularly  tin*  joint  Soviet-Amei  i(  an  flight,  the  Apollo-Soyn/  Test  Project,  in  1975.  Set*  “Kissinger, 
Henry,”  biographical  file,  NASA  Historical  Reference  Collection. 

Christopher  C.  Kraft,  Jr.  ( 1 924-  ),  was  a long-standing  official  with  NASA  throughout  the  Apollo  program.  He 

received  a bat  helot  of  science  degree  in  aeronautical  engineering  f rom  Virginia  Polytechnic  University  in  1944 
and  joined  the  Langley  Aeronautical  laboratory  of  the  NA(iA  the  next  year.  In  1958,  still  at  Langley,  he  bet  aim* 
a member  of  the  Space  Task  Croup  developing  Project  Mercury  and  moved  with  the  group  to  Houston  in  19b2. 

1 It*  was  flight  director  for  all  of  the  Mercury  and  many  of  the  Gemini  missions  and  directed  the  design  of  Mission 
Control  at  the  Manned  Spaced  aft  Center,  which  was  renamed  the  Johnson  Space  Center  in  1973.  He  was  named 
the  Manned  Spacecraft  Center's  deputy  director  in  1979  and  its  director  two  years  later,  a position  he  held  until 
his  retirement  in  1982.  Since  then,  he  has  remained  active  as  an  aerospace  consultant.  See  “Kraft,  Christopher 
C , 1 1,,”  biographical  file,  NASA  Historical  Reference  Collection. 

L 

William  E.  Lilly  ( 1921-  ) entered  federal  civilian  service  in  1950  as  a budget  and  program  analyst  with  the  Navy 
Ordnance  lest  Station  in  California  and  held  a variety  of  positions  with  the  Navy  and  the  Bureau  of  Standards 
until  I960,  when  he  joined  NASA  as  chief,  plans  and  analysis,  for  the  Office  of  Launch  Vehicles.  He  served  NASA 
for  twenty-one  years,  becoming  its  first  comptroller — a position  with  associate  administrator  status — in  197.3.  He 
retired  in  1981  with  thirtv-seven  years  of  federal  service,  including  service  in  the  Navy  from  1940  to  194b.  See 
“1  .illy,  W E.,*’  biographical  file,  NASA  Historical  Reference  Collection. 

George  M.  Low  ( 1920-1984),  a native  of  Vienna,  Austria,  came  to  the  United  States  in  1940  and  received  an 
aeronautical  engineering  degree  from  Rensselaer  Polytechnic  Institute  in  1948  and  a master  of  science  in  the 
same  field  from  that  school  in  1950.  He  joined  the  NACA  in  1949,  and  at  Lewis  Flight  Propulsion  Laboratory, 
he  specialized  in  experimental  and  theoretical  research  in  several  fields.  He  became  chief  of  manned  spaceflight 
at  NASA  1 leadquartcrs  in  1958.  In  1900,  Low  chaired  a special  committee  that  formulated  the  original  plans  for 
the  Apollo  lunar  landings.  In  1904,  he  became  deputy  director  of  the  Manned  Spacecraft  (enter  in  Houston, 
the  forerunner  of  the  Johnson  Space  Center.  He  became  deputy  administrator  of  NASA  in  1909  and  served  as 
acting  administrator  from  1970  to  1971.  He  retired  from  NASA  in  1970  to  become  president  of  Rensselaer,  a 
position  he  still  held  until  his  death.  In  1990,  NASA  renamed  its  quality  and  excellence  award  after  him.  See 
"Low,  G.M.,”  Deputy  Administrator  files,  NASA  Historical  Reference  Collection. 
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Leonard  H.  Marks  was  one  of  the  original  Comsat  incorporators  appointed  In  President  Kennedy.  He  resigned 
Irom  ( iomsat’s  hoard  ol  direetors  in  I9b5  to  become  director  of  the  l.S.  Information  Agency.  See  “Miscellaneous 
Industry,"  biographical  tile,  NASA  Historical  Reference  Collection. 

Robert  P.  Mayo  ( HM (> — ) was  an  economist  and  President  Nixon’s  first  director  ol  the  Bureau  of  the  Budget. 

On  July  1 . 1970,  when  the  Bureau  of  the  Budget  was  replaced  with  the  Office  of  Management  and  Budget,  Mavo 
was  shifted  to  the  White  House  as  a presidential  assistant.  Shortly  thereafter,  he  left  Washington  to  assume  the 
presidency  of  the  Federal  Reserve  Bank  of  Chicago.  See  “Mayo,  Robert  P(orter),"  Current  H ingtaphy  1970, 
pp  282-84. 

Richard  C.  McCurdy  (1909-  ),  an  engineer  specializing  in  petroleum,  was  associate  administrator  lot  organi- 

zation and  management  at  NASA  Headquarters  from  1970  to  1973  and  a consultant  to  the  agent  \ from  1973 
until  1982.  See  “McCurdy,  R.C.,"  biographical  II If,  NASA  Historical  Reference  Collection. 

Newton  Minow  (192b—  ) was  a lawyer  in  Chit  ago  before  being  appointed  as  chair  of  the  Federal 

Communications  Commission  b\  President  Kennedy.  He  gained  a reputation  bv  attacking  the  quality  of  televi- 
sion programming  and  threatening  to  revoke  broadcast  licenses  based  on  programming.  He  returned  to  his  law 
practice  following  Kennedy's  assassination  and  joined  the  Public  Broadcasting  System  hoard  in  1973.  lie  became 
chair  of  that  organization  in  19/8,  and  then  he  became  director  of  the  Anncubcrg  Communications  Program 
in  Washington  in  1987.  See  “Minow,  Newton  (Norman)/'  in  Bowman,  /hr  Cambridge  Dictionary  oj  Amnicau 
liintnaphy. 

George  E.  Mueller  ( 1918-  ) was  NASA's  associate  administrator  lor  maimed  spaceflight  from  I9b.3  to  19b9:  as 

such,  he  responsible  for  overseeing  the  completion  ol  Project  Apollo  and  beginning  die  development  ol  the 
Space  Shuttle.  He  moved  to  Genera!  Dynamics  as  senior  vice  president  in  19b9,  where  lie  remained  until  1971. 
He  then  became  president  of  the  Systems  Development  Corporation  (1971-1980)  and  then  its  c hair  and  cor- 
porate executive  officer  (1981-1983).  See  “Mueller,  George  F..."  biographical  file,  NASA  Historical  Reference 
( ollection. 

Karl  Mimdt  ( 1900—1971)  (R— SD)  served  in  the  House'  ol  Representatives  from  |;muai  v 3,  1939,  until  December 
30,  1948.  11c  then  served  as  a senator  from  December  31,  1948,  until  January  3.  1973.  See  Htngmphual  Directory 
of "I hr  l oitrd  Stairs  Outgrew,  I 7 77- / 996. 

N 

Homer  E.  Newell  (1915-1983)  earned  his  Ph.l).  in  mathematics  from  the  University  of  Wisconsin  in  1940  and 
served  as  a theoretical  physicist  and  mathematician  at  the-  Naval  Research  Laboratory  from  1944  to  1958.  During 
part  of  that  period,  he'  was  science  program  coordinator  for  Project  Vanguard  and  was  acting  superintendent  of 
the  atmosphere  and  astrophysic  s division.  In  1958,  lie  transferred  to  NASA  to  assume  responsibility  for  planning 
and  developing  the  new  agenc  y’s  space*  science  program.  He*  soon  became  deputy  director  of  spaceflight  pro- 
grams. In  I9bl.  he*  bec  ame'  director  of  the  Office  of  Spac  e Sciences,  and  in  19b3,  he  became  assoc  iate  adminis- 
trator for  space*  science  and  applications.  Over  the*  course  of  his  career,  he  be  came  an  intei  nationally  known 
authority  in  the  field  of  atmospheric  and  space  sciences  as  well  as  the  author  of  numerous  scientific  article's  and 
se  ven  hooks,  inc  luding  Hrymul  thr  Atmosphere:  Early  Years  of  Spare  Science  (Washington,  1>( ::  NASA  SP-421  1,  1980). 
lie*  retired  Irom  NASA  at  the  end  of  1973.  See  “Newell,  Homer,"  biographical  file.  NASA  Historical  Reference 
(’-ollection. 

Richard  M.  Nixon  (1913-1994)  was  U.S.  president  between  January  1909  and  August  1974.  Early  in  his  presi- 
dency, Nixon  appointed  a Spac  e Task  Group  under  the  direction  of  Vice  President  Spiro  T.  Agnew  to  assess  the 
hiture  of  space'll ight  in  the  nation.  Its  report  recommended  a vigorous  post-Apollo  exploration  program  c ulmi- 
nating in  a human  expedition  to  Mars.  Nixon  did  not  approve  this  plan,  hut  he  did  decide  in  favor  of  building 
one  element  of  it,  the  Space  Shuttle,  which  was  approved  on  January  5,  197U.  See  Roger  l).  Fannins,  “NASA  and 
the*  Decision  to  Build  the  Space*  Shuttle*,  19b9— 72,”  I he  Historian  57  (Autumn  1994):  17—34. 
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Herman  Noordung  { 1892-1929)  was  a pseudonym  lor  Herman  Polocnik.  He  was  a relalively  obscure  of  fieri'  in 
the  Austrian  at  mv  who  became  an  engineer.  F'.ne  ourageel  by  Hermann  Obe-rth,  he  wrote  an  early  seminal  hook 
Oiled  The  Problem  of Span’  7 ravel:  The  Rocket  Motor,  which  mostly  focused  on  the  engineering  aspects  of  space  sta- 
tions. See  Hermann  Noordung,  edited  by  Krnst  Stuhlinger  and  J.O.  Hunley  with  Jennifer  Garland,  l he  Problem 
of  Spate  Travel:  The  Rocket  Motor  (Washington,  I)C:  NASA  SP-4020,  1 99a ) . 

Robert  G.  Nunn,  Jr.  (1917-1975).  earned  a law  degree  from  the  University  of  Chicago  in  1912.  After  four  years 
in  the  Armv  during  World  War  II.  then  private  prat  lice  of  law  for  eight  veal's  in  Washington,  DC.,  and  in  his 
hometown  ofTerre  Haute,  Indiana,  he  joined  the  office  of  general  counsel  of  the  Air  force  in  19:vl.  He  became 
NASA’s  assistant  general  counsel  in  November  1958  and  then  special  assistant  to  I.  Keith  Clennan  in  September 
19(i0.  He  helped  draft  many  legal  and  administrative  regulations  for  NASA,  and  then  he  went  to  work  lor  the 
Washington  law  linn  of  Sharp  and  Bogan,  baler,  he  formed  the  linn  of  Bat/ell  and  Nunn,  specializing  in  cnet- 
g\  legislation  and  administrative  law.  See  “Nunn,  R.G..  Jr„"  biographical  file,  NASA  Historical  Reference 
( lollot  lion. 


P 

John  R.  Pierce  (1910-  ) is  commonly  referred  to  as  the  inventor  of  the  communications  satellite  in  19:>4.  He 

worked  for  thirty  live  years  as  an  engineer  at  Bell  Laboratories  anti  then  worked  at  the  California  Institute  of 
l et  Imologv  and  its  Jet  Propulsion  Laboratory.  See  “Pierce,  J.  R.U  biographical  Hie,  N ASA  Historical  Reference 
( ollection. 

Frank  Press  (1921-  > served  as  President  Carter's  sc  ience  advisor,  f rom  1981  to  1998,  lie  served  as  preside  nt 

of  the  National  Ac  ademy  of  Sciences.  He  rec  eived  a Pli.D.  in  geophysic  s from  Columbia  University  m 1919  Sec- 
Press,  1-rank."  biographical  HU-,  NASA  Historic  al  Reference  Collection. 

William  Proxmire  ( 1915-  ) (I)-WI)  served  as  a senator  from  August  29,  1957,  n>  January  8,  1989.  He  chaired 

l he  Se  nate  Committee-  on  Banking,  Housing,  and  Urban  Affairs  for  se  veral  sessions  of  Congress.  lie-  was  also  an 
outspoke  n c ritic  of  wasteful  government  spe-nding,  often  awarding  his  infamous  ( .olden  Heee  e .twaid  to  tiiose 
people-  or  government  organizations  he  fell  wasted  taxpayer  money.  Set-  Wofrta  pineal  Directory  of  the  American 
Congress  1 77  T 1006;  ‘’Proxmire,  William,  biographic  al  file,  NASA  Historical  Refere  nce-  Collection. 

R 

Harold  A.  Rosen  { I92f>-  } was  one  of  the  key  scientists  at  the-  I lughrs  Aire  raft  who  developed  Sync  one  the  hi  st 

geosynchronous  communications  satellite-,  for  NASA.  He  received  the-  National  Medal  of  Ieehnologv  in  148,). 
“Rose  n,  Harold,"  biographical  file,  NASA  Historical  Reference  Collection. 

s 

William  C.  Schneider  joined  NASA  in  June  1963  and  was  the  Gemini  mission  dire-dor  for  seve  n of  the  ten 
manned  Gemini  missions.  From  19f>7  to  19B8,  he  served  as  Apollo  mission  dire  ctor  and  the  Apollo  program's 
deputy  director  for  missions.  He  then  se  rved  from  19<>8  to  1974  as  the  Skylab  program’s  director.  After  that,  he 
worked  as  the-  deputy  associate  administrator  for  space  transportation  systems  for  almost  lour  years.  From  19/8 
m 1989,  he  served  as  the  associate  administrator  for  spate  tracking  and  data  systems.  I le  received  a Ph.O.  in  engi- 
neering from  Catholic  University.  See*  “Sc  hneider,  William  C ,”  biographical  file,  NASA  Historical  Reference- 
( iollet  non. 
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Robert  C.  Seamans,  Jr.  (1918-  ),  had  been  involved  in  aerospace  issues  since  he  completed  his  Sc. I).  degree 

at  the  Massachusetts  Institute  ol  Technology in  1951.  He  was  on  the  fatuity  at  MIT "s  department  of  aeronautical 
engineering  from  1949  to  1955,  when  he  joined  the  Radio  Corporation  ol  America  (RCA)  as  manager  of  the 
Airborne  Systems  laboratory.  In  1958,  he  bec  ame  the  chief  engineer  of  the  Missile  Electronics  and  Control 
Division  and  joined  NASA  in  I960  as  associate  administrator.  In  December  1965,  he  became  NASA's  deputy 
administrator.  He  left  NASA  in  1968,  and  in  1969,  he  bec  ame  secretary  of  the  Ait  force-,  serving  until  1978. 
Seamans  was  president  ol  the  National  Academy  ol  Kngineering  from  Mav  197.8  to  December  1974,  when  lie 
became  the  first  administrator  ol  the  new  Energy  Research  and  Development  Administration,  lie  returned  to 
Mil  in  1977,  becoming  dean  of  its  School  of  Engineering  in  1978.  In  1981.  he  was  elec  leal  chair  of  the  board  of 
trustees  of  Aerospace  Corporation.  See  “Seamans,  Robert  C.,  Jr.."  biographic  al  file,  NASA  Historical  Re  ference 
Collection:  Robert  C.  Seamans,  Jr.,  Aiming  af  Ttitypts:  1 he  Autobiography  of  Holier!  C.  ,S unmans,  ft  (Washington,  I)C: 
NASA  SIM  106.  1996). 

Willis  H.  Shapley  ( 1917-  ),  the  son  of  lamous  Harvard  astronomer  Harlow  Shaplev.  earned  a bac  helor  oi  at  ls 

de  gree  from  the  l niversitvof  Chit  ago  in  1988.  From  that  point  until  1942,  he  did  graduate  work  and  pet  formed 
research  in  political  science-  and  related  fields  at  the  l niversity  of  Chicago.  He  joined  the  bureau  of  the  Budget 
in  1942  and  bec  ame  a principal  examiner  in  1948.  From  1956  to  1961.  he-  was  assistant  chief  (Air  Force)  in  the 
bureau's  military  division,  becoming  progressively  deputy  chief Tor  programming  (1961-1965)  and  deputy  ehie-1 
(196:))  in  that  division,  lie  also  served  as  special  assistant  to  the  director  lor  space*  program  coordination.  In 
1965,  he  moved  to  NASA  as  assoc  iate  deputy  administrator,  with  his  duties  including  supervision  of  the  public 
af  lairs,  congressional  affairs.  Department  of  Defense  and  interagency  affairs,  and  international  affairs  of  fices.  He 
retired  in  1975  but  rejoined  NASA  in  1987  to  help  it  recover  from  the  Challengr*  disaster  He  served  as  assoc  iate 
de  puty  administrator  (policy)  until  (988,  when  he  again  retired  but  continued  to  serve  as  a consultant  to  the 
administrator.  See  “Shapley,  WJI,"  biographical  file,  NASA  Historical  Reference  Collec  tion. 

George  P.  Shultz  ( 1920-  ) served  as  director  of  the  Office  of  Management  and  Budget  after  1970,  dining  the 

Nixon  administration.  Before-  that  time,  lie  had  been  Nixon's  secretary  of  labor.  During  the  Re  agan  administra- 
tion (1981-1989),  Shultz  se  rved  as  secretary  of  State.  See  "Shultz,  George  P.,"  1988  Current  WogrufM  Yearbook. 
pp. 525-80. 

Eugene  Skolnikoff  served  on  the-  staff  of  the  While  House  scienc  e advisor  from  1958  to  1968.  Afte  rward,  he  went 
to  the  Massachusetts  Institute  of  Technology,  where  fit-  served  as  a political  sc  ience-  professor  specializing  in  sci- 
ence, technology,  and  foreign  policy  issiu-s.  Sec-  “Skolnikoff,  Eugene,"  biographical  lilt  , NASA  Historical 
Relt-rencc  ( it  Election. 

Jacob  E.  Smart  i ose  to  (lit-  rank  ol  general  in  the  l S.  Army,  serving  as  de  puty  commander  of  the  l S.  European 
Command,  llc  joilicd  NASA  in  1966  as  spec  ial  assistant  to  the  administrator.  He-  then  bec  ame  the  ac  ting  assis- 
tant administrator  for  administi alion,  the  assistant  administrator  for  policy  analysis,  and  the  assistant  adminiv 
tiaior  lor  the  De  partment  of  Defense-  and  interagency  affairs.  He-  graduated  from  the  C.S.  Military  Ac  ademy  at 
West  Point  in  1981.  See  “Smart, Jacob.'*  biographical  file.  NASA  Historic  al  Re  ference-  Collec  tion. 

Gyrus  R.  Smith  (1899—1990)  worked  in  hanking  until  hi-  became  manager  ol  Texas  Air  Transport,  a subsidiary 
ol  the  Tcxas-I ouisiana  Power  Company.  In  1984,  this  company  reorganized,  becoming  American  Airlines.  He 
was  chief  executive  until  lie  bec  ame  secretary  of  commerce  in  1968.  a position  he  he  ld  lor  one  year.  Hi-  retired 
in  1969.  Sec-  "Smith.  C.R.  (Cyrus  Rowlett),"  in  Bow  man,  The  Cambridge  I)ietionm\  of  Awerienn  Hio^mph\. 

T 

Robert  A.  Taft  ( 1889-1958)  (R-OI 1 ),  the-  son  of  President  William  I aft.  served  as  a se  nator  from  january  8,  1989. 
until  juh  81,  19:>8.  See  liiogrofthictil  Directory  of  the  l oiled  States  ( .Vi/rgrevv,  / 777-/996. 
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Konstantin  E.  Tsiolkovskiy  ( 1 857- 1 935)  became  enthralled  with  the  possibilities  of  inter  planetary  travel  as  a boy 
and,  at  age  fourteen,  started  independent  study  using  books  horn  his  fathers  library  on  natnial  science  and 
mathematic  s.  He  also  developed  a passion  lor  invention,  and  be  construc  ted  balloons,  propelled  carnages,  and 
other  instruments.  To  further  his  education,  bis  parents  sent  him  to  Moscow  to  pursue  technical  studies.  In  1878, 
lie  be  c ame*  a te  ar  her  of  mathematics  in  a school  north  of  Moscow.  Tsiolkovskiy  first  started  writing  on  space  in 
1898,  when  he  submitted  for  public  ation  to  the  Russian  journal.  Na n th /mye  ( Mxurnnye  (Sc  ience  Review),  a work 
based  on  years  of  c alculations  that  laid  out  many  of  the  principles  of  mode  rn  spaceflight.  I he  artic  le. 
“Investigating  Space  with  Roc  ket  Devices,-  presented  years  of  calculations  that  laid  out  many  of  the  principles  of 
modern  spaceflight  and  opened  the  door  to  future  writings  on  tlu-  subjec  t.  In  it,  Tsiolkovskiy  desc rihed  m depth 
the*  use*  of  rockets  for  launching  orbital  spaceships.  There  followed  a ser  ie  s of  increasingly  sophisticated  studies 
on  the  technical  aspec  ts  of  spaceflight.  In  the  1920s  and  1930s,  he  proved  especially  productive,  publishing  ten 
major  works,  elucidating  the  nature  of  bodies  in  orbit,  developing  scientific  principles  be  hind  reaction  vehicles, 
designing  orbital  spac  e stations,  and  promoting  interplanetary  travel.  He  also  furthered  studies  on  many  prin- 
ciples commonly  used  in  roc  kets  today:  spec  ific  impulse  lo  gauge  engine  performance,  multistage  boosters,  fue  l 
mixtures  such  as  liquid  hydrogen  and  liquid  oxygen,  the  problems  and  possibilities  inherent  in  microgravily.  the 
promise  of  solar  powe  r,  and  spaccsuits  for  extravehicular  activity.  Significantly,  be  neve  r bad  the  resources— nor 
perhaps  the  inc  lination — lo  experiment  with  roc  kefs  himself.  After  the  Bolshe  vik  revolution  of  1917  and  the  cre- 
ation of  the  Soviet  Union.  Tsiolkovskiy  was  formally  recognized  for  his  accomplishments  in  the  theory  of  spac  e- 
flight. Among  other  honors,  in  1921  he  received  a lifetime  pension  from  the*  state*  that  allowed  him  to  re  tire*  from 
leaching  at  the  age  of  sixty-four.  Thereafter,  he  devoted  full  time  lo  developing  his  spaceflight  theories  studies. 
His  theore  tic  al  work  greatly  influenced  later  rocketeers  both  in  Ins  native*  land  and  throughout  Kumpe.  While 
le  ss  well  known  during  his  lifetime  in  the  Hinted  States,  Tsiolkovskiy’s  work  enjoyed  broad  study  in  the  19:>0sand 
I9b0s.  when  Ame  ric  ans  sought  to  understand  how  the  Soviet  Union  had  accomplished  suc  h unexpec  te  d suc  c e ss 
in  its  carlv  spac  e flight  e fforts.  Sec  ’Tsiolkovskiy,  K.F..”  biographical  file,  NASA  Historical  Reference  ( ollce  lion. 
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James  E.  Webb  ( 1900-1992)  was  NASA's  administrator  between  1901  and  1968.  Previously,  he  had  been  an  aide 
to  a congressman  in  Ne  w Deal  Washington,  an  aide  to  Washington  lawyer  Max  O.  Uardner.  and  a business  exec  - 
utive with  the  Sperry  Corporation  and  the  Kerr-McCcc  Oil  Company.  He  had  also  been  direc  tor  of  the  Bureau 
of  the  Budget  between  19*10  and  1950  and  under  secretary  of  state  from  1950  to  1952.  Sec*  W.  Henry  Uambnght. 
hnirmtfr  Ajm/h:  James  A.  Wrbb  of  XASA  (Baltimore,  Ml):  Johns  Hopkins  University  Press,  1995). 


Caspar  W.  Weinberger  (1917-  ).  longtime  Republic  an  government  official,  was  a senior  member  of  the  Nixon, 

Had,  and  Re  agan  administrations,  for  Nixon  and  Ford,  he*  was  deputy  director  (1970-1972)  and  direc  tor 
(1972-1970)  of  the*  Offic  e of  Management  and  Budget.  In  this  capac  ity,  lie  had  a leading  role  in  shaping  the* 
direc  tion  of  NASA’s  major  effort  of  the  1970s,  the  development  of  a reusable  Spac  e*  Shuttle  . For  Reagan,  lu 
served  as  secretary  of  defense-,  in  which  heoveisaw  the  use  of  the  Shuttle  in  the  early  1980s  lor  the  launching  of 
classified  Department  of  Defense  payloads  into  orbit.  See  “Weinberger,  Caspar  W(illard),"  Cunrnl 
}<>7l  pp.  128-30. 

Edward  C.  Welsh  (1909-1990)  had  a long  c areer  ill  various  private  and  public  enterprises.  He  had  served  as  leg- 
islative assistant  to  Democ  ratic  Senator  Stuart  Symington  of  Missouri  from  1953  to  19hl,  and  lie*  was  the  exec  u- 
tive* sec  retary  of  the  National  Aeronautics  and  Space  Counc  il  through  the  1960s.  See  ‘Welsh,  K.< biographic  al 
file,  NASA  Historic  al  Reference  Collec  tion. 


Harry  Wrexler  ( 191  1-1962)  worked  for  the  U.S.  Weather  Bureau  from  1931  until  Ins  death.  He  was  one*  ol  the 
first  scientists  to  envision  using  satellites  for  meteorological  purposes  and  was  known  as  the  father  ol  the  I IROS 
sate  llite*.  From  1955  to  1958,  he  was  also  the*  chief  scientist  for  the  U.S.  expedition  to  Antarc  tica  for  the 
International  Ccophvsical  Year.  In  1961,  he  was  a lead  negotiator  lor  the  United  Slates  in  drafting  plans  to.  joint 
U.S.  Sovie  t Union  use*  of  meteorological  satellites.  He  received  a Ph.I).  in  meteorology'  from  the  Massac  husetts 
Institute  of  Technology  in  1939.  See  “Wexler.  I larry,”  biographic  al  file,  NASA  Historic  al  Referenc  e*  Collec  tion. 
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Robert  M.  White  ( IH2A  ) served  as  head  of  the  I S.  Weather  Bureau  and  the  Knvimnmental  Seience  Services 
Administr atton  in  llu*  llXiOs.  as  administrator  of  tlie  National  Oceanic  and  Atmospheric  Administration  in  die 
I !)70s,  and  as  head  of  the  National  Academy  of  1- engineering  in  the  late  1980s,  See  “While.  Robert  M ,"  bio- 
graphical file,  NASA  Historical  Reference  Collection. 

ClayT.  Whitehead  was  a White  House  staff  assistant  during  the  Nixon  administration  from  1909  to  1 972  who  was 
heavily  involved  m space  policy  associated  with  the  decision  to  huild  the  Space  Shuttle  and  post-Apollo  planning 
for  NASA.  See  Cumins,  “NASA  and  the  Decision  to  Build  the  Space  Shuttle.  1909-72”;  Cumins.  A Western 
Mormon  in  Washington,  D.C.” 

Donald  D.  Williams  ( 1931-1900)  was  instrumental  in  the  development  of  the  Karly  Bird  and  Svncom  couumi- 
ni<  ations  satellites.  1 le  was  employed  by  I luglies  Ai reraft  and  was  named  one  of  America's  ten  outstanding  young 
men  of  1905  by  the  U.S.  Junior  Chamber  (iICoiiiiiick  c,  On  February  21 , I9fifi,  Williams  committed  suic  ide.  Se  e 
Ac  ademic  and  Scientific  Miscellaneous,”  biographical  file,  NASA  Historic  al  Reference  Collection. 

Y 

John  Yardley  began  his  career  in  aerospace  in  1910,  when  he  joined  McDonnell  Aim  alt.  While  with  that  com- 
pany, he  assumed  a major  role  in  the  Mercury  and  Gemini  programs.  In  1974,  he*  came-  to  NASA  as  the  associ- 
ate administrator  for  manned  spaceflight.  His  title  then  changed  in  associate*  administrator  for  spaceflight,  and 
in  1978,  he  became  assoc iale  administrator  for  spac  e*  transportation  systems.  In  1981,  lu*  returned  to  the*  private- 
sector  as  president  ol  the*  McDonncll-Dcmglas  Astronautic  s Company.  Sec*  “Yard lev.  |olm,”  biographic  al  file*, 
NASA  Historic  al  reference  Collection. 

John  D.  Young  ( 1919-  ) earned  a master  of  science  degree  from  Syracuse  in  191.4  and  se  rved  as  an  offic  e r in 

the*  Mat  inc  ( -orps  from  1912  In  194a.  i le  worked  fen  various  government  agencies  in  the*  ne  xt  few  years  and  then 
became  a management  consultant  with  M<  Kinsey  & Co.  from  1954  to  19b0.  He-  served  as  NASA's  director  of  man- 
agement analysis  from  19B0  to  19(il  and  then  became,  successively,  deputy  direc  tor  for  administration  and 
deputy  assoc  iate  administrator  at  NASA  Headquarters.  He  left  NASA  in  19bb  for  a scries  of  management  posi- 
tions in  the  Bureau  of  the  Budget  and  the  Department  of  Health,  Kducation,  and  Welfare.  Thereafter,  lic- 
hee aim*  a professor  of  public  management  at  American  Cniversitv.  Sec  “Young,  j 1)./'  biographical  file.  NASA 
Historic  al  Reference  Collec  tion. 
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Chance-Vought  Corp.,  and  Hughes  “Commercial  Satellite  Communication  Project,"  51-55;  and  Rosen's 
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